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As a lecturer in Geology to students preparing for the Punjab 
University Kxaiuinations I have constantly experienced great 
difficulty in the teaching of the Geology of India, because 
of the absence of any adeejuate modern book on the subject. 
The only work that exists is the one publislied by the Geo¬ 
logical Survey of India in 1887, by 11. Ik Sledlicott and W. T. 
Blanford, rcvi.sed and largely rewritten by It. 1). Oldham 
in 1893—a (juarter of a century ago. Although an excellent 
official record of the progress of the Survey tip to that time, 
this publication has naturally become largely out of date 
(now also out of print) and is, besides, in its vtiluminous size 
and method of treatment, not altogether suitable as a manual 
for .students preparing for the University Examinations. 
Students, as well as all other impiirers, have, t herefore, been 
forced to search for and collect information, piecemeal, from 
the multitudinous Recvrdu and Memoirs of the Geological 
Survey of India. These, however, ate too numerous for the 
diligence of the average st udent.—often, also, they are inacces¬ 
sible to him—and thus much valuable .scientific information 
contained in these admirable publications was, for the most 
part, unassimilated by the student class and remained locked 
up in the shelves of a few Libraries in the country. It would 
not be too much to say that this lack of a handy volume is 
in the main responsible for the almost total neglect of the 
Geology of India as a subject of study in the colleges of India 
and as one of independent scientifii^ inriuiry. 

The object of the present volume is to remedy this defici¬ 
ency by providing a manual in the form of a modern text¬ 
book, which summarises all the main facts of the subject 
within a moderate compass. It is principally a compilation, 
for the use of the students of Indian Geology, of all that has 
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been published on the subject, especially incorporating the 
later researches and conclusions of the Geological Survey of 
India since Oldham’s excellent edition of 1893. 

In a subject of such proportions as the Geology of India, 
and one round which such voluminous literature exists, and 
is yearly growing, it is not possible, in a compendium of this 
nature, to aim at perfection of detail. Nor is it easy, again, 
to do justice to the devoted labours of the small body of 
original workers who, since the ’50’s of the last century, have 
made Indian Geology what it is to-day. By giving, however, 
in bold outlines, the main results achieved up to date and by 
strictly adhering to a te.\t-book method of treatment, I have 
striven to fulfil the somewhat restricted object at which I 
have aimed. 

In the publication of this book I have received valuable 
help from various quarters. My most sincere thanks are due 
to Sir T. H. Holland, F.R.S., D.Sc., for his warm sympathy 
Itnd encouragement. To Dr. H. H. Hayden, F.R.S., D.Sc., 
Director of the Geological Survey of India, I offer my grateful 
acknowledgments for the loan of blocks and plates from 
negatives for the illustrations in the book, without which 
help it would not have been possible to reproduce many of 
the excellent maps, sections, photographs, etc., originally 
published by the Survey. My indebtedness to Mr. C. S. 
Middlemiss, C.I.E., retired Superintendent of the Geological 
Survey of India, the doyen of Indian Geologists, I can never 
sufficiently acknowledge. His guidance and advice in all 
matters connected with illustrations, correction of manu¬ 
script and text, checking of proofs, etc., have been of 
inestimable value. Inijeed, but for his help several imper¬ 
fections and inaccuracies would have crept into the book. 
I have also to offer my warm thanks to my friend, Mr. D. D. 
Nanavati. I.C.S., of the Burma Commission, for his proffered 
help in reding over the manuscript and his offering several 
valuable suggestions, all of which were accepted. 

In the end, I tender my grateful acknowledgments to 
Messrs. Macmillan for their uniform courtesy. 

D. N. WADIA. 
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CHAPTER I 


PHYSICAL FKATUllES 

Before commencing the study of tlio stratigraphicnl geology 
of India, it is necessary to accuiiie some knowledge of the 
principal physical features. The student .should make him¬ 
self familiar with the main aspects of its geography, the broad 
facts regarding its e.xternal relief or contouns, its mountain- 
systems, plateaus and plains, its drainage-courses, its glaciers, 
volcanoes, etc. This study, with the liidp of physical or 
geographical maps, is indispensable. Such a foundation- 
knowledge of the physical facts of the country will not only 
be of much interest in itself, but tin! student will soon find that 
the physiography of India is in many .esiiects correlated to, 
and is, indeed, an expression of, its geological structure and 
history. 

The most salient fact with regard to both the physiography Ccologic»t 
and geology of the Indian region is that it is comiswod of three 
di.stinct units or earth-features, which arc as unlike in their 
physical as in their geological characters. The first two of 
these three divisions of India have a. fundamental basis, and 
the distinctive characters of each, as we shall see in the 
following pages, were impressed upon it from a very early 
period of its geological histoiy, .since which date each area 
has pursued its own career independently. These three 
diviifons are: 

1. The triangular plateau of the Peninsuh, with the island 
of Ceylon. 

2. The motmtainous region which borders India to the 
west, north, and east, including the countries of Afghanistan, 
Baluchistan, and the hill-tracts of Burma, known as the 
ettra-Peninsula. 
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3. The great Indo-Gangetic Plain of the Punjab and Bengal, 
separating the two former areas, and extending from the 
valley of the Indus in Sind to that of the Brahmaputra in 
Assam. 

^ As mentioned above, the Peninsula, as an earth-feature, 
>8 entirely unlike the extra-Peninsula. The following differ- 
poculisritics. cnees summarise the main points of divergence between these 
two regions: The first is Stratigraphic, or that connected 
with the geological history of the areas. Ever since the 
Cambrian period, the Peninsula has been a land area, a 
continental fragment of the earth’s surface, which since that 
epoch in earth-history has never been submerged beneath 
the sea, except temporarily and locally. No considerable 
marine sediment of later age than Cambrian was over 
deposited in the interior of this land-mass. The extra- 
Peninsula, on the other hand, has been a region which 
has lain under the sea for the gieater part of its history, 
and has been covered by successive marine deposits of all 
the great geological periorls, commencing with the earliest, 
Cambrian. 

second difference is fieotectmic, or pertaining to the 
geological structure of the two regions. The Peninsula of 
India reveals (jnite a different type of architecture of the 
earth’s crust from that shown by the extra-Peninsula. Penin¬ 
sular India is a segment of the earth’s outer shell that is com¬ 
posed in great part of geneially horizontally reposing rock- 
beds that stand firm and immovable upon a deep-seated 
foundation and that have, for an immense number of ages, 
remained so - impassive and undisturbed amid all the revolu¬ 
tions that have again and again changed the face of the 
earth. Lateral thrusts and mountain-building forces have 
had but little effect in folding or displacing its originally 
horizontal strata. The extra-Peninsula, on the contrary, 
is a portion of what appears to have been a comparativelv 
weak and flexible portion of the crust that has undergone a 
great deal of crustal deformation. Rock-folds, faults, 
thrust-planes, and other evidences, of movements within 
^e earth are observed in this region on an extensive scale, 
and they point to its being a portion of the earth that has 
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undergone, at a late geological epoch, an enormous amount 
of compression and upheaval. The strata everywhere show 
high angles of dip, a closely packed system of folds, and other 
violent departures from their original primitive structure. 

The tliird difference is the diversity in the ph;/siograph>i of 
the two areas. The difference in the external or surface 
relief of Peninsular and e.xtra-Peninsular India arises out 
of the two above-mentioned differences, as a dinnit con¬ 
sequence. In the Peninsula, the mountains are mostly of 
the “ Relict ’’ type, i.e. tliey are not mountains in the true 
sense of the term, but are mere outstanding portions of 
the old plateau of the Peninsula tliat have escaped, for one 
reason or another, the weathering of ages that has cut out 
all the surrounding parts of the land; tliey are, so to 
say, huge “ tors ” or blocks of the old plateau. Its rivers 
have flat, shallow valleys, with low inqierccptiblo gradients, 
because of their channels having apjiroached to the Imso- 
level of erosion. Contrasted with these, the mountains of ' 
the other area are all true mountains, being what are called 
“ tectonic ” mountains, f.c. those which owe their origin to a 
distinct uplift in the earth’s crust and, as a consequenife, 
liavc their strike, or line of extension, more or leas conform¬ 
able to the axis of that uplift. The rivers of this area 
arc rapid torrential streams, which are still in a very im¬ 
mature stage of river development, and are continuously at 
work in cutting down the inequalities in their courses and 
degrading or lowering their channels. Their eroding ))ow'ers 
are always active, and they have cut deep gorges and pre¬ 
cipitous canons, several thousands of feet in depth, through 
the mountains in the mountainous part of their track. 

The type of crust segments of which the Peninsula is an Types of thi 
example, is known as a Homt -a solid crust-block which 
has remained a stable land-mass of great rigidity, and by the*) 
has been unaffected by any folding movement generated 
within the «krth during the later geological pericxLs. The 
only structural disturbances to which these parts have 
been susceptible are of the nature of vertical, downward 
or upward, movements of large segments within it, betwe«i 
vertical (radial) fissures or faults. The Peninsula has often 
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experienced this “ block-movement ” at various periods of its 
history, most notably during the Gondwana period. 

The earth-movements characteristic of the flexible, more 
yielding type of the crust, of which the extra-Peninsula is an 
example, are of the nature of lateral (i.e. Imigential) thrusts 
which result in the wrinkling and folding of more or less linear 
zones of the earth’s surface into a mountain-chain (erogenic 
movements). These movements, though they may affect a 
large surface area, are solely confined to the more superficial 
parts of the crust, and are not so deep-seated os the former 
class of movements characteristic of horsta. 

Phyiiicol The third division of India, the great alluvial plains of the 
thrpWmo/ ^•'‘**'* Danges, though, humanly speaking, of the 

India. greatest interest and importance, as being the principal theatre 
of Indian history, is, geologically speaking, the least interesting 
part of India. In the geological history of India they are 
only the annals of yester-year, being the alluvial deposits of 
the rivers of the Indo-Ganges systems, borne down from the 
Himalayas and deposited at their foot. They have covered 
up, underneath a deep mantle of river-clays and silts, valuable 
records of past ages, which might have thrown much light on 
the physical history of the Peninsular and the Himalayan 
areas, and revealed their former connection with each other. 
These plains were originally a deep depression or furrow 
lying between the Peninsula and the mountain-region. With 
regard to the origin of this great depression there is some 
difference of opinion. The eminent geologist, Eduard Suess, 
thought it was a “ Fore-deep ” fronting the Himalayan earth- 
waves, a “ sagging ” or subsidence of the northern part of the 
Peninsula, as it arrested the southward advance of the moun¬ 
tain-waves. Colonel Sir S. Burrard, from some anomalies in 
the observations of the deflections of the plumb-line, and other 
geodetic considerations, has suggested quite a different view.* 
He tliinks that the Indo-Gangetic alluvium conceals a great 
deep rift, or fracture, in the earth’s sub-crust, several 
thousand feet deep, the hollow being subsequently filled up 
by detrital deposits. He ascribes to such sub-crustal cracte 

^ The Origin of the Himalayas, 1912 (Survey of India Publication). Pre- 
sidential address, the Indian lienee Co 4 gre 88 , Lucknow, 1016. 
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or rifts a fundamental importance in geotectonica, and attri¬ 
butes the elevation of the Himalayan chain to an incidental 
bending or curling movement of the northern wall of the (issui e. 

Such sunken tracts between pirnllcl, vertical dislocations are 
called “ Rift-Valle\’s " in gwiogy. The geologists of the 
Indian Geological Survey have not accepted this view of the 
origin of the Indo-Gangetic di'pression.' 

The large tract of low country, forming Rajjnitana, west of l{aj)>cit.nia 
the Aravailis, possesses a mingling of the distinctive characters 
of the Peninsula, with those of the extra-Peninsula, and hence 
cannot with certainty be referred to either. Rajpntana can be 
regiirded as a part of the Peninsula inasmuch as in geotectonio 
characters it shows veiT little disturbanci", while in its contain¬ 
ing marine, fossilihuous deposits of Mesozoic and Cainozoio 
ages it shows greater resemblance to the; extra-Pcninsular 
area. In this country, loug-<-ontinned aridity has resulted 
in the establishment of a clesiTt topography, buriexl under a 
thick mantle of sands disintegrati.-d from the subjacent roc^ks 
as well as blown in from the western sea-coast and from tiu) 

Indus basin. The area is cut off from the water-circulation 
of th(! re.st of the Indian continent, except for occasional 
storms of rain, by the absence of any high range to inter¬ 
cept the moisture-bearing south-west mons(X)ns which jxiss 
directly over its expanse. Tin! desert conditions are hence 
accentuated with timi!, the watiu-action of the intenial 
drainage of the country beiiig too feeble to trans|X)rt to the 
sea the growing ma.ss of sands. 

There is a tradition, supjKuted Iw some physical evidence, 
that the basin of the Indus was not always separated from the 
Peninsula by the long stretch of sandy waste as at present. 

“Over a vast space of the now desert comitry, east of the 
Indus, traces of ancient river-beds testify to the gradual desic¬ 
cation of a once fertile region ; and throughout the deltaic 
flats of the Indus may still be seen old channels which once 
conducted its waters to the Rann of Cutch, giving life and 
prosperity to the past cities of the delta, which have left no 

*See Dr. Haydon, •* Relationflhip of tho Himalaya to tho InUo-Oaiij^etic 
Plain and the Indian PoninHuia," O.H.l. vo). xUii. pt. 2, 1015, and 
R. D. Oldham* Jfem. toI. xlii. pt. 2,1917. 
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living lecoids of the countleas geneiations that once inhabited 
them.” ‘ 


MOUNTAINS 

The mountain-ranges of the extra-Peninsula have had their 
origin in a series of earth-movements which proceeded from 
outside India. The great horst of the Peninsula, composed 
of old crystalline rocks, has played a large part in the history 



of mountain-building movements in Northern India, It 
has limited the extent, and to some degree controlled the 
form of the chief ranges. Broadly speaking, the origin of the 
Himalayan chain, the most dominant of them all, is to ]& 
referred to powerful lateral thrusts acting from the north ^ 
Tibetan direction towards the Peninsula of India. Thele 
thrusting movements resulted in the production of Md aftir 
fold of the earth’s crust, pressing against the Peninsula. The 
curved form of the Himalaya ’ is due to this resistance offered 
by the Peninsular “ foreland ” to the southward advance||| 
these crust-waves, aided in some measure by two other minii^ 
obstacles—the Salt-Range mountains to the north-west and 
the Assam ranges to the north-east.* The general configura¬ 
tion of the Himalayan chain, its north-west south-east trend, 
the abrupt steep border which it ptesCnts to the plains of India 

* Sir T. H. Holdioh, /m;p«rtal OouSwr, Tol. i. 

'From Suukrit, ffim Alaya, meaning the abode of enow. 

> Another viev ie that Uie eorrature ia the reenlt of the interfereiSoe o 
eimilar fdding morementa prooeeding from the Iranian or the Hindn Kail 
ajmtem of motintaina. 
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with the much more gentle slope towards the oppoeite or 
Tibetan side, are ail features which are best explained, on the 
above view, as having been due to the resistances the mountain- 
making forces had to contend against in the Peninsula and in 
the two other hill-ranges. The convex side of a mountain 
range is, in genera), in the opposite direction to the side 
from which the thrusts are directed, and is the one which shovra 
the greatest amount of plication, fracture, and overthrust. 

This is actually the case with the outer or convex side of the 
Himalayas, in which the most characteristic structural feature 
is the existence of a number of parallel, reversed faults, or 
thrust-planes. The most prominent of these fractures, the 
outermost, can be traced from the Punjab Himalayas ail 
through the entire length of the mountains to their extremity 
in East Assam. This great fault or fracture is kno^vn as the 
Main Boundary Fault. 

The geography of a large part of thcHimalayas is not known, Phytioal 
because immense areas within it have not yet been explored 
by scientists ; much therefore remains for future observation HimalsyM. 
to add (or alter) in our existing knowledge. The Himalayas 
are not a single continuous chain or range of mountains, but 
a series of several more or less parallel, or converging ranges, 
intersected by enormous valleys and extensive plateaus. 

Their width is between 100 and 150 miles, comprising many 
minor ranges. The individual ranges generally present a 
steep slope towards the plains of India and a more gently 
inclined slope towards Tibet. The northern slopes are, again, 
clothed with a thick dense growth of forest vegetation, 
surmounted higher up by never-ending snows, while the 
southern slopes are too precipitous and bare either to 
accumulate the snows or support any but a thin sparse 
jungle. The starting point of the Himalayan system is 
situated in the Pamir plateau (“ the roof of the world ”), 
wUch is a knot or nucleus from which also diverge all the 
principal ranges of Central Asia. Prom the Pamirs to the 
south-east, the Himalayas extend as an unbroken wall of 
snow-covmnd mountains, pierced by passes, none of which 
jfim less Hian 17,000 feet in devotion. The Eastern Hima- 
Jmw of Nepd and Sikkim rise very abruptly from the 
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plains of Bengal and Oudh, and suddenly attain their great 
elevation above the snow-line within strikingly short distances 
from the foot of the mountains. Thus, the peaks of Kin- 
chinjunga and Everest (Gaurishankar) are only a few miles 
from the plains and are visible to their inhabitants. But 
the Western Himalayas of the Punjab and Kumaon rise gradu¬ 
ally from the plains by the intervention of many ranges of 
lesser altitudes, their peaks of everlasting snows are more than 
a hundred miles distant, hidden from view by the mid-Hima- 
layan ranges to the inhabitants of the plains. 

This mighty range of mountains exercises as dominating 
an influence over the meteorological conditions of India as 
over its physical geography, vitally affecting both its air and 
water-circulation. Its high snowy ranges have a moderating 
influence on the temperature and humidity of Northern India. 
By reason of its altitude and its situation directly in the path 
of the monsoons, it is most favourably conditioned for the pre¬ 
cipitation of all their contained moisture, either as rain or 
snow. Glaciers of enormous magnitude are nourished on the 
higher ranges by this precipitation, which, together with the 
abundant rainfall of the lower ranges, feed a number of rivers, 
which course down to the plains in hundreds of fertilising 
streams. In this manner the Himalayas protect India from 
the gradual desiccation which is overspreading the Central 
Asian continent, from Tibet northwards, and the desert con¬ 
ditions that inevitably follow continental desiccation. 

Geographically, the Himalayas are generally considered to 
terminate, to the north-west, at the great bend of the Indus, 
where it cuts through the Kashmir Himalayas, while the south¬ 
eastern extremity is defined by the similar bend of the Brah¬ 
maputra in upper Assam. At these points also there is a 
well-marked bending of the strike of the mountains from the 
general north-west—south-east, to approximately north and 
south direction. Some geographers have refused to accept 
this limitation of the Ilimalaya mountain system, because 
according to them it ignores the essential physical unity of the 
hill-ranges beyond the Indus and the Brahmaputra with the 
Himalayas. They would extend the term Himalayas to all 
those ranges to the east and west (t.e. the Hindu-Kush 
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mountains and some ranges of Burma) which originated in the 
same great system of Pliocene orogenic upheavals. 

OlasBification of the Himalayan Ranges. 

(1.) GeographlcaL—For geographical purposes the Hima¬ 
layan system is classified into three parallel or longitudinal 
aones, each differing from one another in well-marked oro- 
graphical features. 

(1) The Great Himalayas: the innermost line of high ranges, 
rising above the limit of perpetual snow. Their average 
height extends to 20,000 feet; on it are situated the peaks, 
like Mount Everest, Kj, Kinchinjunga, Dliavalagiri, Nanga 
Parbat, Gasherbrum, Gosainthan, Nanda Devi,’ etc. 

(2) The Lesser Himalayas, or the middle ranges : a scries 
of ranges closely related to the former but of lower elevation ; 
seldom rising much above 12,000-1.'),000 feet. The Lesser 
Himalayas form an intricate system of ranges ; their average 
width is fifty miles. 

(3) The Outer Himalayas, or the Siunlik ranges, which inter¬ 
vene between the Lesser Himalayas and the plains. Their 
width varies from five to thirty miles. They form a system 
of low foot-hills with an average height of .3000-4000 feet. 

(II.) Oeological.—As regards geological structure and age 
the Himalayas fall into three broad stratigraphical belts or 
zones. These zones do not correspond to the geographical 
zones as a rule. 

(1) The Northern or Tibetan Zone, lying behind the line 
of highest elevation (i.e. the central axis corresponding to the 
great Himalayas). This zone is composed of a continuous 
series of highly fossiliferous marine sedimentary rocb, ranging 
in age from the earliest Palaeozoic to the Eocene age. Except 


Mount Everest (Gaurtsbsnkar) 

K,. 

Kincbinjunga 
Dhavalii^ri 
Nanga I^rbat 
Gaaherbram 
Gosainthan 
Kaada Devi 

Rakaposhi. . . • 


Nepal Himalayas - 20,000 ft. 
Karakoram • 28,250 „ 

Nopal Himalayas 28.100 „ 

26 800 , 

Kashmir Himalayas 26,600 „ 
Karakoram • - 26,470 „ 

Nepal Himalayas • 20,201 „ 
Knmaon Himalayas 25,650 
Kailas range - - 26,550 „ 

(CoL Burrard.^ 
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neat the noith-western extiemity (in Hazaia and EaahiQi^ 
TO<^ belonging to this zone are not known to occut south of 
the line of snowy peab. 

(2) The Central or Himalayan Zone, comprising most of 
the Ijesser or Middle Himalayas together with the Great 
Himalayas, It is mostly composed of crystalline and meta- 
morpbic rocb—granites, gneisses, etc., with unfossiliferouB 
sedimentary deposits of very ancient (Pnrana) age. 

(3) The Outer or Svh-Himalayan Zone, corresponding to the, 
Siwalik ranges, and composed entirely of Tertiary, and princi¬ 
pally of Upper Tertiary, sedimentary river-deposits. 

The above is a very brief account of a most important sub¬ 
ject in the geography of India, and the student must refer to 
the worb mentioned at the end of the chapter for further 
information, especially to that by Colonel Burrard and Dr. 
Hayden, which contains the most luminous account of the 
geography and the geology of the Himalayas. 
rra^Mofthe transversely to the strike of the Himalayas at 

extra* * either of its extremities, and by some authorities believed to 
PeniMuIa. belong to the same system of upheaval, are the other minor 
mountain-ranges of extra-Peninsular India. Those to the 
west are the flanking ranges which form the Indo-Afghan 
and Indo-Baluchistan frontier. Those to the east are the 
mountain-ranges of Burma. Many of these ranges have an 
approximate north-to-south trend. The names of these im¬ 
portant ranges are: 

West. 

The Hindu-Kush. 

The Salt-Range. 

The Suleiman range. 

The Bugti range. 

The Kirthar range. 

With the exception of the Hindu-Eush, the Salt-Range and 
the Assam ranges, the other mountmns are all of a very ampU 
type of mountain-structure, and do not show the complex 
inversions and thrust-planes met with in the jffimalayas. 
They are again prind^y formed of Tertiary rocb. Tim 
Bait-Range and the Assam ranges, however, are quite difihHihtk 


East. 

The Assam ranges. 
The Manipur ranges. 
The Arakan Yoma. 
The Tenasserim range. 
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asd possees several unique features which we shall discuss 
later on. Their rocb have undergone a greater amount of 
fnctiire and dislocation, and they are not composed so largely 
of Tertiary rocks. 

The important mountain rangra of the Peninsula are; The MounUia 
Aravalli mountains, the Vindhyas.Satpuras, the Western Ghats 
(or, as they are known in Sanskrit, the Sahyadris), and the 
irregular broken and discontinuous chain of elevations known 
as the Eastern Ghats. Of these, the Aravallis are the only 
instance of a true tectonic mountain-chain, all the others (with 
one possible exception to be mentioned below) are merely 
mountains of circumdenudation, i.e. they are the outstanding 
remnants or outliers, of the old plateau of the Peninsula that 
have escaped the denudation of ages. Not one of them 
shows any axis of upheaval that is coincident with their 
present strike. Their strata show an almost undisturbed 
horizontality, or, at most, very low angles of dip. The 
Aravallis were a prominent feature in the old Palaeozoic and 
Mesozoic geography of India, and extended as a continuous 
chain of lofty mountains from the Deccan to possibly beyond 
the northern limit of India. What we at present see of them 
are but the deeply eroded remnants of these mountains, their 
mere stumps laid bare by repeated cycles of erosion. 

The roc% country which rises gradually from the south of Vindhy* 
tl^ Gangetic plains culminates in the highlands of Central 
India, comprising Indore, Bhopal, Bundelkhand, etc. The 
southern e^ of this country is a steep line of prominent 
escarpments which constitute the Vindhyan mountains, and 
their easterly continuation, the Kaimur range. Their eleva¬ 
tion is between 2600-4000 feet above the sea-level. The 
Vindhyas are for the most part composed of horizontally 
bedded sedimentary rocks of ancient age, the contemporaries of 
theTorridon sandstone of Scotland. South of the Vindhyas, and 


roughly parallel with their direction, are the Satpura moun¬ 
tains. !l^e name Satjnm, meaning “ seven folds,” refers to Sstpurs 
the many parallel ridges of this mountain. The chain of'“*^' 
ridges commences from Rewah, runs south of the Narbada 
v$Iley and north of the Tapti valley, and stretches westwards 



Mw Rajpipia hills to the Western Ghats. The 



Th(« Wostcru 
Ghatt. 


12 geology OF INDIA 

Vindhya and the Satpxua chains form together the back¬ 
bone of middle India. A very large part of the Satpuras, 
the western and eastern parts, are formed of Cretaceous 
basalts; the central part is composed, in addition to a capping 
of the traps, of a core of granitoid and metamorphic rocks, 
overlaid by Mesozoic sandstones. Some parts of the Satpuras 
give proof of having been folded and upheaved, the strike 
of the folding showing a rough correspondence with the general 
direction of the range. It is probable, therefore, that the Sat¬ 
puras arc, like the Aravallis, a weather-worn remnant of an 
old tectonic chain. 

The greater part of the Peninsula is constituted by the 
Deccan plateau. It is a central tableland, extending from 
12“ to 21“ North Latitude, rising about 2000 feet mean 
elevation above the sea, and enclosed on all sides by hill- 
ranges. To its west are the Sahyadris, or Western Ghats, 
which extend unbroken to the extreme south of Malabar, 
where they merge into the uplands of the Nilgiris, some of 
whose peaks rise to the altitude of 8700 feet above the sea- 
level (Dodabetta peak), the highest point of the Peninsula. 
From the Nilgiris the Western Ghats extend (after the solitary 
opening, Palghat Gap), through the Anaimalai hills, to the 
extreme south of the Peninsula. The Western Ghats, as the 
name Ghat denotes, are, down to Malabar, steep-sided, 
terraced, fiat-topped hills or cliffe facing the Arabian sea- 
coast and running with a general parallelism to it. Thdr 
mean elevation is some 3000 feet. The horizontally 
bedded lavas of which they are wholly composed have, 
on weathering, given rise to them a characteristic “ landing- 
stair ” aspect. This peculiar mode of weathering imparts to 
the landscapes of the whole of the Deccan a strikingly con¬ 
spicuous feature. The physical aspect of the Western Ghats 
south of Malabar—that is, the portion comprising, the Nil¬ 
giris, Anaimalai, etc.—is quite different from these square-cut, 
steep-sided hills of the Deccan proper. The former hills are 
of a more rounded and undulating outline, clothed under a 
great abundance of indigenous, sub-tropical forrat vegetation. 
This difference in scenery arises from the difference in geolo¬ 
gical structure of the two portions of the Western Ghats. 
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Beyond Malabar they are composed of the most ancient 
massive crystalline rocks, and not of horizontal layers of lava- 
flows. 

The broken and discontinuous line of mountainous country, TheEwtem 
facing the Bay of Bengal, and known as the Eastern Ghats, 
has neither the unity of structure nor of outline characteristic 
of a mountain-chain. They belong to no one geological forma¬ 
tion, but the rocks vary with the country through which they 
pass, being made of several units, which are formed of the steep 
scarps of several of the South Indian formations. Some of 
these scarps are the surviving relics of ancient mountain- 
chains elevated contemporaneously with the Aravallis. 

Among the remaining, less important, hill ranges of the 
Peninsula are the trap-built Rajmahal hills of western Bengal; 
the Nallamalai hills near Cuddapah, built of gneissose granite, 
and the gneissic plateau of Shevaroys and Paohamalai, 
south-west of Madras. 

GLACIERS 

The snow-line, i.e. the lowest limit of perpetual snow, on the 
side of the Himalayas facing the plains of India, varies in 
altitude from about 14,000 feet on the eastern part of the 
chain to 19,000 feet on the western. On the opposite, 

Tibetan, side it is about 3000 feet higher, owing to the great 
desiccation of that region and the absence of moisture in the 
monsoon winds that have traversed the Himalayas. Owing 
to the height of the snow-line, the mountains of the 
Lesser Himalayas, whose general elevation is considerably 
within 12,000 feet, do not reach it, and therefore do not 
support glaciers at the present day. But in some of the 
ranges, e,g. the Pir Panjal, there is clear evidence, in the thick 
masses of moraines covering their summits and upper slopes, 
in the striated and polished rock-surfaces, in the presence of 
numerous erratics, and other evidences of mountain-sculpture 
by glacier-ice, that these ranges were extensively glaciated 
at a late geological period, corresponding with the Pleistocene 
Glacial age of Europe and America. 

The Great Himalayas, or the innermost line of ranges ofQlaclerS 
hi|^ altitudes reaching beyond 20,000 feet, are the enormous HiroSayas, 
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gome of which are among the laigwt in the ^ild 
attention is being paid now to the scientjfionBdy andobser^- 
tion of the Himalayan glaciets, both b^rthe In&n Oeo^cal 
Survey and by scientific explorers of other countries. * 

Their Sirs. In nx the glaciers vary between wide limita, from those 
that hardly move beyond the high recesses in which they ate 
formwl, toenormous ice-flows rivalling thoseof the Arctic circle. 
The majority of the Himalayan^glaeiers are between two to 
throe miles in length, but there are some giant streams of 
twenty-four miles and upwards, such as the Hispai and the 
Chogo Lungma of the Hunza valley, Karakoram; while one 
or two are known to have a length of close upon forty miles, 
e.g. the Bdltoro and the Biafo glaciers of the same region. 
The majority of the glaciers are of the type of valley glaciers, 
hut what aw! known as hanging glaciers are by no means un¬ 
common. As a rule the glaciers descending transversely to 
the strike of the mountain are shorter, more fluctuating, in 
their lower limits, and, since the grade is steeper, they descend 
to such low levels as 7000-8000 feet in some parts of the Kash¬ 
mir Himalayas. Those, on the other hand, that move ih 
longitudinal valleys, parallel to the strike of the mountaija, 
arc of a larger volume, less sensitive to alternating tempera¬ 
tures and seasonal variations, and, their gradients being 
low, they rarely descend to lower levels than 10,000 feet. 

Limit of The loioest limit of descent of the glaciers is not uniform fn 
all parts of the Himalayas. While the glaciers of Kinohjn- 
junga in the Sikkim portion liardly move below the leyd bf 
13,000 feet altitude, and those of Kumaon and Lshoul to 
12,000 feet, the glaciers of the Kashmir Himalayas descend 
to much lower limits, SOOOfeet, not far above villages and flrids. 
In several places recent terminal moraine are observed at so 
low a level as 7000 feet. A very simple cause of this variatifto 
has been suggested by T. D. La Touche of the 
Survey of India. In part it is due to the decrease in latiio^ 
from 36** in the Karakoram to 28° in the Kinchinjur^^ira 
in part to the greater foil of the atmospheric moistureMilii 
and not as snow in the eastern Himalayas, which 
from the plains without the intervention of hi^ 
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in ti» we((i#nr w^re, thou^ the total peecijri^tiii- 

tibn ia mneh less, it all takes place in the fonn of gnotr. 

wtabU fecidiarUy of the Hiinala3ran ^aciers, wfat(£ JMeasnusii 
way be wnsidered as distiiiotive, is the presence of extensiw^^S^ 

fnftrftl'nA inA.f.fAi*.^ lytAlr.txmafA /k» »i*ki**U 


supetBcaa taoraine matter,'rock-waste or "dirt”, which 
almost completely covers the upper ^ace to such an extent 
that the ice is not visible for long sketches. On many of 
the Kashmir glaciers it is a usual thing for the shepherds 
to encamp in summer, with their flocks, on the moraines 
overlying the glacier ice. The englacial and sub-glacial 
moraine stuff is also present in such quantity as sometimes 
to choke the ice. The diurnal motion of the glaciers, 
S(deduced from various observations, is between three and five 
inches at the sides, and from eight inches to about a foot in 
the middle. In many parts of the Himalayas there are local 
traditions, supported in many cases by physical evidences, 
that there is a slow, general retreat of the glacier-ends; at 
the lower ends of most of the Himalayan glaciers**there are 
enormous heaps of terminal moraines left behind by the 
retreating ends of the glaciers. The rate of diminution is 
variable in the different cases, and no general rule applies to 
all. In some cases, again, there is an undoubted advance of 
the Racier ends on their own terminal moraines. 

In the summer months there is a good deal of melting of 
the ice on the surface. The water, descending by the 
crevasses, gives rise to a considerable amount of englacial 
and sub-glacial drainage. The accumulated drainage forms 
an engl^al river, flowing through a large tunnel, the 
openjiog of which at the snout appears as an ice-cave. 

Large and numerous as are the glaciers and the snow-fields 
of t^ BSBiala 3 m 8 of the present day, they are but the withered 
re mnanfai (ff an older and much more extensive system of ice^ 
flows. W^SQOW-fields which once covered Tibet and the Hima*^ 
ia;i|^ ;'iii smtioned already, many parts of the Himalayas 
b«^ tlB'iNWw3b of an “Ice Age” in comparativdy reemt ; 
> tm^ i|^ii a\tMvnimiilation^ of moraine debris are seen 
ndes of many of the ranges of titO sWiddiO ; 
^not support any g^eis at ^ prei^ - 
ir&umm <dten stored by grMft aw ^1^ 






teen before the eaoute rrf'ejdsting gjaciew at BBchJo^^eTO- 
tioBS &B 6000 feet, or even 6000 feet. Sometimes there are 
grassy meadows, pointing to the remains of dd rilted-np 
glacial lakes. Thesp facts, together with the more doubtful 
occurrences of what: may be termed fluvio*^acial drift at 
much lowerlevels in the hills of the Punjab, lead to the inference 
that this part of India at least, if not the Peninsular hi^^ds, 
eicperienced a Glacial Age in the Pleistocene period.* 


DRAINAGE 

The drainage-systems of the two regions, Peninsular and 
extra-Peninsuiar India, having had to accommodate them¬ 
selves to two very widely divergent types of topography, are 
necessarily very different in their character. In the Peninsula 
the river-systems, as is obvious, are all of very great anti¬ 
quity, and consequently, by the ceaseless degradation of ages, 
their chaimels have approached the last stage of river-develop¬ 
ment, viz. the base-kveUing of a continent. The valleys are 
broad and shallow, characteristic of the regions where vertical 
erosion has almost ceased, and the lateral erosion of the 
banks, by winds, rain, and stream, is ol greater moment. 
In consequence of their low gradients the water has but little 
momentum, e.xccjit in flood-time, and therefore a low carrymg 
oapaoitv. In normal seasons they are only depositing agents, 
precipitating their .silt in parts of their basins, alluvial banks, 
estuarine flats, etc., while the streams flow in easy, shallow, 
meandering valleys. In other words, the riversi^of the Penin¬ 
sula have almost base-levelled their courses, and are now in 


* The principal glaciers of the Himalayas: 
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o{ ejbl^'” w free from irr^arities of most kinds except 
th(^ oao^ by late earth-movements, and is more or less 
uiiiform fremweir sources to their mouths.* 

One very notable peculiarity in the drainage-system of the . • 
Peninsula is the pronouncedly easterly trend of its main^j,^ 
r hsnnels, the'Westem Ghats, situated so close to the west Peniniul*. 
border of the Peninsula, being the water-shed. The rivers 
that discharge into the Bay of Bengal have thus their sources, 
and derive their head waters almost within sight of the Arabian 
Sea. This feature in a land area of such antiquity as the Pen¬ 


insula, where a complete hydrographic system lias been in 
existence for a vast length of geologic time, is quite anomalous, 
and several hypotheses have been put forward to account for 
it. One supposition regards this fact as an indication that 
the present Peninsula is the remaining half of a land mass, 
wjiich hadthe Ghats very near its centre as its primeval water¬ 
shed. This water-shed lias persisted, while a vast extension 
of the country west of it has been submerged underneath the 
Arabian Sea. Another view, equally probable, is suggested by 
the exceptional behaviour of the Narbada and the Tapti. 
These rivers discharge their drainage to the west, while all the 
chief rivers of the country, from Ciij)e Comorin through the 
Western Ghats and the Aravallis to the Siwalik hills near 
Hardwar (a long water-shed of 17tK) miles), all run to the CMt. 
This exceptional circumstance is explained by the supposition 
that the Narlmda and Tapti do not flow in valleys of their own 
ero^ng, but l^ve usurped for their channels two fault-planes, 


•It (aimpt be nid, however, that the channels are who ly free fiwn 
iS temthriM for eome of them do show very ahrapt ir^laritiM of rte 
latQW a fiOt. Among the beet-known waterfalls "f 
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or cracks, running parallel \vith the Vindhyas. These faults 
are said to have originated with the bending or “ sagging ” 
of the northern part of thePeninsula at the time of the upheaval 
of the Himalayas as described before. As an accompaniment 
of the same disturbance, the Peninsular block, south of the 
cracks, tilted slightly eastwards, causing the eastern drainage 
of the area. 

This peculiarity of the hydrography of the Peninsula is 
illustrated in the distribution and extent of the alluvial 
margin on the two coasts. There is but a scanty margin 
of alluvial deposit on the we.stem coast, except in Gujarat, 
whereas there is a wide belt of liver-borne alluvium on 
the cast coa.st, in addition to the great deltaic deposits at 
the moutlis of the Mahanadi, Godavari, Kistna, Cauvery, etc. 

A furtlier peculiarity of the west coast is the absence of 
deltaic dep(xsits at the moutlis of the streams, even of the large 
rivers Narbada and Tapti, This peculiarity arises from the 
fact that the force of the currents generated by the monsoon 
gales and the tides is too great to allow alluvial spits or bars— 
the skeleton of the deltas—to accumulate. On the other hand, 
the debouchures of these streams are broad deep estuaries 
daily swept by the recurring tides. 

As a contrast to the drainage of Peninsular India, it 
should be noted that the i.sland of Ceylon has a “ radial ” 
drainage, i.e. the rivers of the island flow outwards in all 
directions from its central highlands, as is well seen in any 
map of Ceylon. 


The Drainage of the Extra-Peninsula Area. 


The 

Himalayan 
syateni of 
drainage nob 
a consequent 
drainage. 


In the cxtra-Peninsula the drainage system, owing to the 
mountain-building movement of the Pliocene age, is of much 
more recent development, and differs radically in its main 
features from that of the Peninsula. The most important 
part to be realised regarding the drainage is that it is not a 
conseqiwnt drainage, ie. its formation was not consequent 
upon the physical features, or the relief, of the country, as 
we now see them; but there are clear evidences to show that 
the principal rivers of the area were of an age anterior to them. 
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In other words, all the great Himalayan rivers are older than 
the mountains they traverse. During the slow process of 
mountain-formation by the folding, contortion, and upheaval 
of the rock-beds, the old rivers kept very much to their owm 
channels, although certainly working at an acwderated rate, 
by reason of the great stimulus imparted to them by the uplift 
of the region near their source. The great momentum acquired 
by this upheaval was expended in eroding their channels at a 
faster rate. Thus the eh'vation of the, mountains and the 
erosion of the valleys proceeded, jniri jmsuv, and the two 
proec.sscs keeping pace with one another to the end, a 
mountain-chain emerged, with a completely develojxHl valley- 
■Systein intersecting it in deep transverse gorges or cafions. 

These long, deep precipitous gorges of the Himalayas, cutting 
right through the line of its highest elevations, are. the most 
characteristic features of its geography, and are at oin'C the 
best-marked results, as they are the clearest proofs, of the 
inconsequent drainage of this |•(gion. From the above 
peculiarities the Himalayan drainage is s|)oken of as an 
Antecedent drainage, meaning thereby a system f)f drainage 
in. which the main channels of ilow were, in existence before 
the present features of t he region wen! impres.s(sl on it. 

This circumstance of the, ant(!cedent drainage also gives an The 
explanation of the much-noted |M‘culiarity of the great Ifima- 
layan rivers, that they drain not only the southern slopes of 
those mountains, but also, to a large extent, the norl hern Ti lM!t an 
slopes as well, the water-shed of the chain being not along its 
line of highest peaks, but a great di.stancc to the north 
of it. This, of course, follows from what wc have sjiid in 
the la.st paragraph. The drainage of the northern slopes 
flows for a time in longitudinal valleys, irarallcl to the moun¬ 
tains, but sooner or later the rivers invariably take an acute 
bend and descend to the plains of India by cutting across the 
mountain in the manner already de,scribcd. 

These transverse gorges of the Himalayas are sometihies Tim 
thousands of feet in depth from the crest of their bordering 
precipices to the level of the water at their bottom. The Himalaya*, 
most remarkable example is the Indus valley in Gilgit, where 
at one place the river flows through a narrow defile, between 
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Rivor- 

or 

piracy. 


“ Hanging 
valleys ” 0 
Sikkim. 


enormous precipices nearly 20,000 feet in altitude, while 
the bed of the valley is only 3000 feet above its level at 
Haiderabad (the head of its delta). This gives to the gorge 
the stupendous depth of 17,000 feet, yet the fact that every 
inch of this chasm is carved by the river is clear from the fact 
that small patches or “ terraces ” of river gravel and sand-beds 
arc observed at various elevations above the present bed of 
the Indus, marking the succe.ssive levels of its bed. 

[Altlidiigh flicrc is IK) doubt, now, regarding the true origin of 
the transverse gorges of the Himalayas by the process described 
above, tlii'so valli'vs have given rise to much discussion in the i)ast, 
it l)eing not adinitti'd by some ob.servers that those deep defiles 
could Inive been entirely due to the ero.sive ])o\vers of the streams 
that now occupy them. It was thought by many that originally 
they were a series of transverse fissure's or faults in the mountains 
which have b('en subseciuently wich'iied by water-action. Another 
view was that the elevation of the Himalayas dammed back the 
ohl rivi'i’s !ind converted them into lakes for tlic time being. The 
waters of thi'se la kes on overflowing have cut the gorges across the 
mountains, in the manner of retreating waterfalls. 

There is no doubt, however, that noma of the.se transverse valleys, 
namely those of the minor rivers, hav(! been produced in a great 
measure by the ])roeess of whereby the water-shed 

receded further and further nortliwards. Itis necess,ary to admit 
this becan.se the volume of drainage from the northern slopes, in 
the early stages of valley-growth, cotdd not have been large enough 
to give it sullicient erosive energy to keep its valleys open during 
th)' successive uplifts of the mountains.] 

Many of the Hiraalayan rivers, in their higher courses, 
illustrate the phenomena of river-capture or “ piracy.” This 
has luippeued oftentimes through the rapid head-erosion' of 
their main transverse streams, capturing or “beheading” 
successively the secondary laterals belonging to the Tibetan 
drainage-system on the northern sloj)es of the Himalayas. 
The best e.xamples of river-captuic are furnished by theGanges, 
the Tista and the Sind ^ river in Kashmir. 

Some of the valleys of the Sikkim Himalayas furnish in- 
^ structive examples of “ hanging valleys,” that is, side-valleys 
or tributaries whose level is some thousands of feet higher than 
the level of the main stream into which they discharge. 
These hanging valleys have in the majority of instances 

' Oldham, Rec. G.S.I. vol. xxxi. pt. 3, 1904. 
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originated by the above process of rapid hcnd-crosion and 
capture of the lateral streams on the opposite slope. A well- 
knov^^l cxamirle is that of a former tributary of the "fista river 
of Sikkim, discharging its waters by precipitous cascades into 
th<? Rathong Chu, which is flowing nearly 2000 feet below its 
bed. Prof. (JarwocKl, in describing this phenomenon, sug¬ 
gests that the difference in level between the hanging side- 
valley and the main river is due, not wholly to the more active 
erosion of the latter, but also to the recent occufmtion of the 
hanging valley by glaciers, which have protected it from the 
effects of river-erosion. 


LAKES 

Ijakes play very little part in the drainage system of India. 
Even in the mountainous regions t)f the exlra-Peninsida, par¬ 
ticularly ill the Himalayas, where one might e.^jicct them lo bo 
of frequent occurrence, lakes of any notable size are very few. 

The princijial lakes of the extra-Peninsula are tho.se of Tibet 
(including the sacred Mausarovar and Rakas Tal. the re])iited 
.source of the Indus, Sutlej, and flanges of Hindu traditions); 
• the lakes of Sikkim, Yamdok Cho, to miles in circumference; 
.t'hamtodong, 54 miles; the group of small Kumaon lakes 
(the Nainital, Bhiin Tal, (itc.); and the few lakes of Kashmir, 
of which the Pangkong, Tsomoriri, ( he Salt Lake, the Whdar 
and Dal are the best-known surviving instances. There is 
some controversy with regard to the origin of the numerous 
lakes of Tibet, which occupy thousands of square miles 
of its surface. Many are. regarded as due to (he 
damming up of the main river-valleys by the alluvial fans 
of tributary side-valleys (F. Drew)'; some are regarded as 
due to an elevation of a portion of the river-bed at a rate 
faster than the erosion of the s( ream (Oldham) ^; while some 
are regarded as true erosion-hollows, scooped out by glaciers— 
rock-ba-sins.® The origin of the Kumaon lakes is yet uncer¬ 
tain ; while a few may be due to differential earth-movements 


^ Jammu and Kashmir Trrrilorks (London), 1875. 

* Hk. G.fi.l. vol. xxi. pt. .3. 1888. 

• Himlington, Journal of (Imlajij, vol. xiv. KKMi, p .7911. 
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like faulting, others may have been produced by landslips, 
glaciers, etc. The small fresh-water lakes of Kashmir are 
ascribed ,a very simple origin by Dr. Oldham. They are 
regarded by him as mere inundated hollows in the alluvium 
of the Jhelum, like the jhils of the Ganges delta. 

Salinity of The lakes of Tibet exhibit two interesting peculiarities, 
growing salinity of their waters and their pronounced 
diminution of volume, since late geological times. The former 
circumstance is explained by the fact that the whole lake-area 
of Tibet possesses no outlet for drainage. The interrupted 
and restricted inland drainage, therefore, acxsumulates in 
these basins and depressions of the surface where solar evapora¬ 
tion is very active, concentrating the chemically dissolved 
substances in tlic waters. All degrees of salinity are met 
with, from tlm drinkable waters of some lakes to those of others 
saturated with common salt, sodium carbonate, and borax. 
Their The desiccation of the Tibetan lakes is a phenomenon clearly 
(lesiccdtion. |jy ,j]| travellers in that region. Old high-level 

terraces and sand and gravel beaches, 200 to 300 feet above 
the present level of their waters, arc seen siirrounding almost 
all the basins, and ])oint to a period comparatively recent in 
geological history when the water stood at these high levels. 
This (limimition of the volume of the water, in some cases 
amounting to a total extinction of the lakes, is one of the signs 
of the increasing dryness or desiccation of the region north 
of the Himalayas following a great change in its climate. 
This is attributed in some measure to the disappearance of 
the glaciers of the Ice Age, and to the uplift of the Himalayas 
to their present great elevation, which has cut off Tibet from 
the monsoonio currents from the sea. 

Besides the few small fresh-water lakes of the Peninsula, 
two occurrences there are of importance because of some excep¬ 
tional circumstances connected with their origin and their 
present peculiarities. The one is the group of salt-lakes of 
Rajputana, the other is the volcanic hollow or crater-lake of 
Ijonar in the Deccan. 

The Of the four or five salt-lakes of Rajputana, the Sambhar 

important. It has an area of ninety square 
miles when full during the monsoon, at which period the depth 
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of the water is about four feet. For the rest of the year it is 
dry, the surface being encrusted by a white saliferous silt. 

The cause of the salinity of the lake was ascribed to various 
circumstances, to former connection with the Gulf of Cambay, 
to brine-springs, to chemical dissolution from the surrotmding 
country, etc. But lately Sir T. H. Holland and Dr. Christie * 
have discovered quite a different cause of its origin. They 
have proved that the salt of the Sainbhar and of the 
other salt-lakes of Rajputana is wind-borne; it is deriv(fd 
partly from the evaporation of the sea-spray from the coasts 
and prrtly from the desiccated surface of the Rann of Ctitch, 
from which sources the dried salt-particles are carried inland 
by the prevalent winds. The persistent south-west monsoons 
which blow through Rajputana for half tlie year, carry a 
large quantity of s;ilinc mud and salt-jwrticles from the above 
sites, which is dropped when the velocit y of the winds decrca.se8. 

When once dro])ped, wind-action is not powerful enough to 
lift up the particles again. The occasional rainfall of these 
parts gatheis in this salt and accumulates it in the lake- 
hollows which receive the drainage of the small streams. It 
is calculatial by the.se authors, after a .series of e.'i peri men ts, 
that some 130,000 tons of saline matter is annually borne by 
the winds in this manner to Rajputana during the, hot 
weather montlis. 

The Lonar lake is a deeji crater-like hollow or basin in the ThoLonar 
basalt-plateau of the Deccan, in IIk; ilistrict of Buldana. The 
depression is about 300 feet in depth iind about a mile in 
diameter. It is surrounded on alt sides by a rim formed of 
blocks of biisalts. The dejiression contains at the bottom a 
shallow lake of saline water. The chief con.stituent of the 
salt water is sodium carbonate, together with a small 
quantity of sodium chloride. 'I’hese salts are thought to 
have been derived from the surrounding trap country by 
the chemical solution of the disintegrated product of the 
traps and subsequent concentration. 

The origin of the Ixmar lake hollow has been ascribed to 
a volcanic explosion unaccompanied by any lava eruption. 

This is one of the rare instances of volcanic phenomena in 
, ‘ Rec. Q.S.I. vol. xxxviii. jil. 2, 1!I09. 
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India within recent times. On this view the lake-hollow is 
an explosion-crater or a caldera. Another explanation has 
been given lately,* which explains the hollow as due to an 
engulfment or subsidence produced by the sinking of the 
surface bfitwcen a circular fracture or fractures, into a cavern 
emptied by the escape of lava or volcanic vapours into the 
surrounding places. 


THE COASTS 

The coasts of India are comparatively regular and uniform, 
there being but few creeks, inlets, or promontories of any magni¬ 
tude. It is only on the Malabar coast that there are S(!en 
a number of lakes, lagoons or back-waters which form a 
noteworthy feature of that coast. These back-waters, e.g. the 
Kagah of Travancore, are shallow lagoons or inlets of the 
sea lying parallel to the coast-line. They form an import,ant 
phy.sical as well as e<!c)n(miic feature of the Malabar coast, 
affording facilities for inland water-communication. The silts 
brought by the recurring monsoon floods sup])ort large fore.sts 
and plantations along their shores. At some places, e.specially 
along the tid,al estuaries or salt-marshes, there are the 
remarkable mangrove-swamps lining the coasts. The whole 
sea-board is surrounded by a narrow submarine ledge or 
platform, the “plain of marine denudation,” where the 
sea is very shallow, the soundings being much less than 
100 fathoms. This shelf is of greater breadth on the Malabar 
coast and on the Arakau coast than on the Coromandel 
coast. From these low shelving plains the sea-bed gradually 
deepens, both towards the Bay of Bengal and the Arabian 
Sea, up to a mean depth of 2000 fathoms in the former and 
3000 fathoms in the latter sea. The seas are not of any 
great geological antiquity, both having originated in the earth- 
movements of the early Teitiary times, as bays or arms of the 
Indian Occiin overspreading areas of a largo southern continent 
(Gondwanaland), which, in the Mesozoic ages, connected India 
with Africa and with Australia. The islands of the seas are 
continental islands, with the exception of the group of coral 
’ La Touche, Ref. Q.S.l. vol. xli. pt. 4, 1912. 
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islands, the Maldives and the Licradivos, wliich are atolls or 
barrier-reefs, reared on shallow submarine banks, the. unsub- 
raerged, elevated points of the ancient continent. Ikirren 
Island and Narcondam are volcanic islands east of the 
Andamans. The low level and smooth contours of the tract 
of country which lies in front of the S.E. coast Ix'low the 
Mahanadi sugge.st that .it was a submarine plain tit a com¬ 
paratively late date which has emerged from the waters. 
Behind this coastal belt are the gncissic hiolilands of the 
mainland -the Eastern (lhats -which are marked bv a more 
varied relief and rugged topography. Between these two lies 
the old shore-line. 


VOLCANOES 

There are no living or active volcanoes anywhere in the 
Indian region. The Malay branch of the line of living vol¬ 
canoes—the Sunda chain - if prolonged to the north, would 



Fla. iHlftTuI in tho Bay of (From JtwHmfMh of Phyxirnl 

Oeoijraphy for Indian Srhoiih. liy H. F. IHanilfunl, liHjH.) 


connect a few dormant or extinct volcanoes belonging to this 
region. Of these the most imjKirtant is the now ilormant ikrnm 
volcano of Barren Island (Fig. 2) in the Bay of Bengal, to 
the east of the Andaman Islands, 12'' 1.5' N. lat.; tfi' 51' E. 
long. What is now seen of it is a mere truncated remnant 
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of u onco much lar{j;oi' cone.its Ixitifil Wi'cck or caldera. It con- 

Hists of ail outer luiiphitheatn', about two miles in diameter, 
breached at one or two (ilaeos, tlie remains of the old cone, 
suriouiidiiif' all inner, iniieh sniallei, but syminetrieal cone, 
eom|posed of re|mlarlv bedded lava-sheets of comparatively 
recent eruption. At the .summit of lhi.s newer cone is a 
crater, about KKKt feet above the level ol the sea. But 
t.he part of the volcano seiai above the waters is cpiite 
an insienilieant (lart of its whohi volume. The ba.se of 
the cone lies some thousands ot feet below the surface, of 
the sea. 

The last time it was observed to be, in eruption wa.s in 1781); 
since then no a lit hent ie i)b.servation is recoided of its eru))tions, 
tlioii'jli it was reported to bi‘ active in It'll.'’', bince then, it 
has been (hainanl, but .suliliniatimis ol snljihnr on the walls 
of tlie er.iter jn'inl- to a mild Kolfatarie ]ihase into which the 
Volcano has declined. Mr. .K. I!. Mallet, ol the (leolocical 
ibiirvev of India, has eiven a eomj'lele aceoiint ol Ikirrcn 
Island in Mi'iiinif. vol. xsi. pt. t, IW.i.' 

Anoihcr volcano, alone the .same line, is that ol the island 
of N'arcondam, a cralcrie.s.s vole,mo coni|)o.sed wholly ol ande- 
.silic lavas. Pioir llieainount ofdemnlation that tliec'Uie has 
undci'f'oni' it a]ipcars to be an old extinct, volcano. The third 
example is the volcano of I’uppa. a lai'L'e centrally siluat.ed 
cone composed ol trachvtcs, .ishes, and volcanic, breccia, 
situated about liltv niih'S north-we.st ol the. oil-held of 
A'enanpyaune. 'I’his is also extinct now, the cone is 
much weathered, and the crater Is only pre.served in part. 
Prom the fact that some volcanic matter is found iriterstrati- 
lied in tlie surronndiii^ strata. Ix'lonoino to the Irrawaddy 
proup, it .seems that tins volcano mii.st have, been in an active 
condition as far back as the Pliocene. \ lourth extinct volcano 
is situated on the same line, north of Puppa, near Momien. 
It is named liaw.-.hiienshan. 

I'tiir tecs (l(..<i.rilii.«l an crni'lion ii: ttarien Island in 1795. 
' inders anil vot anic I'locks up li> s.>mo luna in weight were dis- 
chtn-ged Imni tlio ciatcr at Hie tup'd Hic new (.(ine, wtiicli was also ejecting 
etionnous cioud.s of gases and vapours. ..Vnotlier oliserver, in 1803, witneaseil 
a iH'rusi of explosions at. file emter at intervals of every ten minutes, throwing 
out iuas.ses <if di'iise lilack gase.s and vafiours witli great violence to con¬ 
siderable lieights. 
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One more volcano, within the Iiniimi Empire, but hir on its Koh i- 
western border, is the large extinct volcano of Koh-i-Snltan in 
the Nushki desert of western Jiainchistan. 

Among the volcanic phcmirnena of recent: age must also be 
included the crateriform lake of Lonar, noticed in I he preceding 
section. IMiatever may be its e.xaet origin, it is nltimalely 
connected with volcanic action. 

Mud-Voiciiiuws.- We imisi. here consiiler a clirions tv])<‘ of MnU 
(|nasi-volcaiiic plienoiueiion what might. In’ regarded as 
decadent phase of volcanic action. On the .Arak.m coast of 
Burma and also at some jilaecs on the Irrawaildv tlu'ii’ occur 
groups of small cones of nnal I'jcctial bv oiilbnr.st.s of gas 
from small vents or lioles in the gmund. Tlcv are known 
as Mud-volcanoes or s.'d.se.s,' Mud volcanoi's occur chicllv in 
the Rumri and Uhediibba, islainls on the Ar.ik.in coa.'^t. Tin' 
m.'ijoritv of these, aia^ small cniilc:d nimmib of I wimt v or thirty 
feet, eoni[)osed of earth wlm h i.s ci i.liimallv being ejected 
from the .sm.'dl holes '■cialers'' al. the to|i. There is 
usually some salimi water diM liargcd. with a .'■mall ipi inlity of 
petroleum. The most common g.i:s is maish ims. 

The mud-vole. HKie-i belong to t wo (v|»‘s ; in I lie one. u hich 
IS u.suallv noii-paro.w.smal, mud alone is thrown out. tin’ mud 
being merelv' disintegrated shale ; ml tie ol hei, which shows a 
greater activity, fragments of t Im eoniiti v rock iil.m are l hrowti 
out with some degree of viot nee, aceompaiiied someliine.s 
with flames, due to the ignilieii of the hydroi aihmis. There 
is, however, no heat in tin ^e eiuntinns. All the ejeeta are .it 
the temperature of the air, i In' i'jiiltion being only due t.o Irie- 
tion, and not to the internal heat of the earth. 

[ft i.s now gelierailv reeii'jlii-. d that the 'ja.-es whieh are the 
]irimc cause of the.so eraj'li'’ii- lac-e I .nl tin- s:one ori'aiii a.-' the 
petroleum dejiosils whieh a re. so l.o .el e leimd in ihe .Miocene ro k: 
of Burma (I’egn sy.stem). Tin- eomn i i mn e( petruleain with mini 
volcanoes is thus cxphiined hy Mr. Viedenlnirg; " I Ic jietrolenm. 
owing to its inferior deiisily as comi lo d to water, has colleeied 
along the axes of the antii hiie.'i in the J’egii sy-tem wherever a 
layer of argillaceous rock has piovided an im|M rnn'iihle roof. 

Gases have also collected alone t he.'e ant ielmal crests, and arc apt. 
to find their way to the .surface thronidi lis.sure.', producing the 

•Coggiii Brown, /tir. vol. .sxxvii. pt. :i, imw. 
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mud-volcanoes that often arise along the outcrops of these anti¬ 
clinal arches.” If this is the origin, the mud-volcanoes are 
volcanoes only in name.] 

Along the Mekran coast of Baluchistan there also exist a 
few mud-volcanoes, situated on the crests of anticlinal folds of 
Miocene sandstones. Here the eruptions are never paroxys¬ 
mal, and the moimds, therefore, like the true volcanoes, have 
a chance of attaining to greater height. Some of them are 
nearly 300 feet high. 


EARTHQUAKES 

Few earthquakes have visited the Peninsula since historic 
times ; but those that have shaken the extra-Peninsula form 
a long catalogue.* It is a well-authenticated generalisation 
that the majority of the Indian earthquakes have originated 
from the great plains of India, or from their peripheral tracts. 

Of the great Indian earthquakes recorded in history the 
best-known are; Delhi, 1720; Calcutta, 1737; Eastern 
Bengal and the Arakan coast, 1762; Cutch, 1819; Kashmir 
and Bengal, 1885; Assam, 1897, and Kangra, 1905; all of 
these, in the site of their origin, agree with the above statement. 

The area noted above is the zone of weakness and strain 
implied by the severe crumpling of the rock-beds in the eleva¬ 
tion of the Himalayas within very recent times, which 
has, therefore, not yet attained stability or quiescence. It 
falls within the great earthquake belt which traverses the 
earth ea.st to west. 

The Kangra earthquake was a subject of special investiga¬ 
tion by the Geological Survey of India, and Middlemiss has 
given a detailed account of this investigation in Mem. vol. 
xxxviii. 1910. 

[The carthtjuake took place on the early morning of the 4th 
April, 1905. The shock, which was felt over the whole of India north 
of the Tapti valley, was characterised by c-xceptional violence and 
destructiveness along two linear tracts between Kangra and Kulu, 
and between Mussoorie and Dehra Dun. These were the epifocal 
tracts. The destruction grew less and leas in severity as the 

' Oldham, “ List of Indian Earthquakes.” ilfem. G.S.I. voL xix. pt. 3, 
1883. 
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istancB from them increased, but the area that was perceptibly 
hakcn, and which is encompassed by the Mosetrf of Intensity II, 
if the .Rossi-Forel scale, comprised such distant places as 
Afghanistan, Quetta, Sind, Gujarat, the Tapti valley, Puri and 
he Ganges delta. The centra or the fwi of the original con- 
nission, or blow, were linear, corresponding to the two linear 
’picentra, Kangra-Kulu and Mus.soorie-l)ehra Dun, or areas which 
were directly overhead and in which the vibrations were vertical, 
up and down. The isosmls, or curves of equal intensity, were 
hence ellipsoidal. 

The rdocily of the quake was dillicult to judge, because of the 
absence of any accurate time-records at the dillerent outlying 
places. But from a nundter of observations, the mean is deduced 
to be nearly 11(2 miles per second as the velocity of the earth-wave. 

lliddlemiss does not su])port tlie view that earthquakes of great 
severity originate near the surfnei? in a com])le.v network of faults 
and fractures. He ascribes to the present earthqtiake a deep- 
seated origin, and calculates, from Dutton’s formula for deducing 
the dejith of focus, a depth varying from 21 top) miles. • 

The main-8h(«'k wiis sudden, wit h onl)' a few jrremonitory warn¬ 
ings, but the after-simeh, of moderate to slight intensity, which 
succeeded it for weeks and months, were several hundred in 
number. During the whole of 1 IKtO the nninlier of after shocks was 
from ten to thirty a month. In 1907 they decrea.sed in number, 
but scarcely in intensity. In the succeeding years the number 
of shocks grew fewer till they gradually tlisajqa'ared. 

The gcotogiml effects of the eart hquake were not very marked. 
There were the usual disturbances of st reams, s])rings, and canals ; 
a number of landslips and rock-falls took jilace, also a few slight 
alterations in the level of some stations and hill-tops (c.y. Debra 
Dun and the Siwalik hills showed a rise of about a foot relatively 
to Mussoorie). No true fissures of dislocations were, however, 
seen. In the above respects this earthquake offers a marked 
contrast to the Assam quake of 12th dune, 1897, where the 
geological results were of a more serious description and more, 
permanent in their effect. Numerous rock-fissures, miles in 
length, were opened, producing dislocations, or relative displace¬ 
ments, of several feet at the surface, and causing many and 
serious interruptions in the drainage-courses. The river C'sehar 
was intersected by some of these fissures, which prmluced in it a 
number of waterfalls and lakrsi. 

With regard to the cause of the earthquake, there is no doubt 
that it was a tectonic quake. Middlcmiss is of opinion that it was 
due to a slipping of one of the walls or change of strain of a fault 
parallel to the “ Main Boundary Fault ” of the outer Himalayas 
at two points. Just where the two epicentre lie are two very 
well-defined “ bays ” or inpushings of the younger Tertiary rocks 
into the older rocks of the Himalayas, showing much packing 



30 


GEOLOGY OF INDIA 


and folding of the Rtrata. Relief was sought from this com¬ 
pression by a slight sinking of one side of the fault.] 

Local Alterations of Level 

Few h 3 rpogene disturbances have interfered with the stability 
of the Peninsula as a continental land-mass for an immense 
length of geological time, but there have been a few minor 
movements of secular upheaval and depression along the 
Elevation coasts within past as well as recent times. Of these, the most 
Penhisular impoftant is that connected with the slight but appreciable 
tableland, elevation of the Peninsula, exposing portions of the plain of 
marine denudation as a shelf or platform round its coasts, 
the west as well as the cast. Rai.sed beaches are found at alti¬ 
tudes varying from 100 to 200 feet; while marine shells are 
found at several places some distance inland, and at a height 
far above the level of the tides. The steep face of the Sahyadri 
mountains, looking like a line of sea-cliffii, and their approxi¬ 
mate parallelism to the coast lead to the inference that the 
escarpment is a result of a recent elevation of the Ghats 
from the sea and subsequent sea-action modified by subaerial 
denudation. Marino estuarine deposits of post-Tertiary age 
are mot with on a large scale towards the southern extremity 
of the Peninsula. 

liorsl, Resides those evidences of a rather prominent uplift of the 
'■ Peninsula, there are also proofs of minor, more local alterations 
of level, both of elevation and depression, within sub-recent 
and pre-historic times. The existence of beds of lignite and peat 
in the Ganges delta, the peat deposits below the surface near 
Pondicherry, the submerged forest discovered on the eastern 
coast of the island of Bombay, etc., arc proofs of slow move¬ 
ments of depression. Evidences of upheaval arc furnished by 
the exposure of some coral reefs along the coasts, low-level 
raised beaches on various parts of the Ghats, and recent marine 
accumulations above the present level of the sea. 

Submerged The submerged forest of Bombay is nearly 12 feet below 
^b»v. Jow-water mark and 30 feet below high-water; here a 
number of tree-stumps are seen with their roots in situ, em¬ 
bedded in the old soil.^ On the Tinnevelli coast a similar 


* Xec, vol. xi. pt. 4, 1878. 
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forest or fragment of the old land surface, half an acre 
in extent, is seen slightly below high-water mark. Further 
evidence ■ to the same effect is supplied by the thick 
bed of lignite found at Pondicherry, 240 feet below ground 
level. About twenty miles from the coast of Mekran the 
sea deepens suddenly to a great hollow. This is thought 
to be duo to the submergence of a cliff formerly lying on the 
coast. The recent subsidence, in 1819, of the western border of Altciation* 
the Rann of Cutch under the sea, accompanied with the 
elevation of a large tract of land (the Alhh Ihm)), is the most 
striking event of its kind recorded in India, and was witnessed 
by the whole population of the country. Here an extent of 
the country, some 2000 square miles in area, was suddenly de¬ 
pressed to a depth of from 12 to I.') feet, and the whole tract 
converted into an inland sea. The fort of Sindree, which stood 
on the shores, the scene of many a battle recordi'd in history, 
was also submerged underneath the waters, and only a single 
turret of that fort remained, for many years, exposed above 
the sea. As an accompaniment of the same movements, 
another area, about 600 square miles, was simultaneously 
elevated several feet above the plains, into a mound which 
was appropriately designated by the j)cople the “ Allah Bund ” 

(built of God). 

Even within historic times the Rann of Gutch was a gulf of 
the sea, with surrounding coast towns, a few recognisable relics 
of which yet exist. The gidf was grailually silted up, a 
procc.ss aided no doubt by a slow elevation of its floor, and 
eventually converted into a low-lving tract of land, which at 
the present day is alternately a dry saline desert for a part of 
the year, and a shallow swamp for the other part. 

The hmnclmg fjords, or deep narrow inlets of the sea, in the 
Andaman and Nicobar islands in the Bay of Bengal, point to 
a submergence of these islands within late geological times, 
by which its inland valleys were “ drowned ” in their lower 
parts. In some of the creeks of Kathiawar near Porbander, 
for example, oyster-shells were found at several places and at 
levels much above the present height of the tides, while bar¬ 
nacles and serpulae were fomid at levels not now reached by 
the highest tides. In Sind a number of oyster-banb have 
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been seen several feet above high-water mark. Oyster-shells 
discovered lately at Calcutta likewise point to a slight local 
rise of the eastern coast. 

It is the belief of some geologists that appreciable changes 
of lev(!l have recently taken place, and are still taking place, in 
the Himalayas, and that although the loftiest mountains of the 
world, they hav<! not y(‘t attained to tlmir nia.ximum elevation, 
but are still rising. That alterations of level have lately taken 
plac(i is clear from a number of circumstances. Many of the 
rivers bear incontrovertible proofs of recent rejuvenation, due 
to the uplift of t Innr water-shed. Another fact, suggesting the 
same infc^reiu'e, is the fre((uency and violence of earth(|uakes 
on the Himalayas and on the plains lying at their foot. By 
far the largest number of disastrous Indian earthquakes have 
occurnsl, as already remarked, along these tracts. They 
indicate that the strata under the Himalayas are in a state, 
of tension, and an* not yet settleil down to their e(|uilibrium 
plane. Relief is therefore songht by the subsidence of some 
tracts and the elevation of r)thers. 


DENUDATION 

Among the physical features of India, a brief notice of the 
varimis denudational processes in operation in the countrv at 
the present time must be included. Inasmuch as climate is 
an important d<dermining factor in thi‘ denudat ion of a region, 
the peculiar features which the climate of India possesses re¬ 
quire consideration. The most uni(pie feature in the meteor¬ 
ology of India is the monsoonic alternations of W(‘t and drv 
weather. The division of the year into a wet half, from May 
to October, the perkxl of the moist, vapour-laden winds from 
the south-west (fn)ra the Bay of Bengal and the Arabian Sea) 
towards Tibet and the heated tracts to the north, and the drv' 
half, from November to April, the period of the retreating dry 
winds blowing from the north-east, has a preponderating m- 
fluence on the character and rate of subaerial denudation of 
the surface of the country. 

The intensity of the influence exercised by this dominating 
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factor in the at mospheric circulation of the Indian region will be UtoriHe 
realised when the extent and thickness of the peculiar surface 
formation,, lateriie, is considered. Laterite is a form of regolith 
highly peculiar to India, which covers the whole expanse of 
the Peninsula from the Ganges valley to Cape Comorin; it is 
believed by most authorities to have resulted from the subaerial 
alteration of its surface rocks imder the alternately dry and 
humid (t.e. monsoonic) weather of India. Another charac¬ 
teristic product of weathering of the surface rocks in situ in 
the Peninsula is the Black Soil (rcjnr),' which covers also 
large tracts of country in South India. The Heh efflorescences 
of the jdains of North India and the formation of nitre in some 
soils .should also be noted in this connection.* 

If this factor is excluded, the general atmospheric weathering (ienerol 
or denudation of India is that characteristic of the tropical or 
sub-tropical zone of the earth. This, however, is a very general «iib-tr<ipicat 
statement of the case. Within the borders of India every 
variety of climate is met with, from the torrid heat of the vast 
inland plains of the Punjab and North-east Baluchistan and 
upland plateaus (like Ladakh) to the Arctic cold of the higher 
ranges of the Himalayas; and from the reeking tropical 
forests of the coastal tracts of the Peninsula to the desertic 
regions of Sind, Punjab and Rajputana. The student can 
easily imaguie the intensity of frost-action in the Himalayan 
highlands and the comparative mildness of the other agents 
of erosion in that area, such as rapid alternations of heat and 
cold, chemical action, etc., and the vigorous chemical and 
mechanical erosion of the tropical monsoon-swept parts of the 
Peninsula, the denudation of some parts of which partakes of 
the character of that prevailing in the eejuatorial belt of the 
earth. In the desert tracts of Rajputana, Sind, and Baluchi- neoert- 
Stan, mechanical disintegration due to the prevalent drought 
with its great extremes of heat and cold, the powerful insolation 
and wind-action, is dominant, to the exclusion of other agents 
of change. Rajputana affords a noteworthy example of the 
evolution of desert topography within comparatively recent 
geological times. This change has been brought about by the 

' The subject of soils of Indie is treated in Chap, XXV'I. p. 332. 

’Chapter XXVr. 

W.O.I. c 
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great drynees that has overcome this region smce Pleistocene 
times, leading to the intensity of aeolian action on its surface. 
Peculiarity The Indian rivers accomplish an incredible amount of erosion 
erMr^’in transF'rtmg to the sea an 

India. enormous load of silt, in swollen muddy streams. A stream 
in flood-time accomplishes a hundred times the work it per¬ 
forms in the normal seasons. If the same amount of rainfall, 
therefore, were evenly distributed throughout the year, the 
denudation would be far less m amount. 

Their floods. The Himalayan streams and rivers are specially noted for 
• their Boods of extraordinary severity in the spruig and mon¬ 
soon seasons. Several of the Indus floods are noted in history, 
the most recent and best remembered being those of 1841 and 
1858. Drew' gives a graphic account of the 1841 flood, when, 
after a j)eriod of unusual low level of the waters in the winter 
and spring of that year, the river, all of a sudden, descended 
in a black mighty torrent that in a few minutes tore and 
swept away everything in its course, including a whole Sikh 
army that had encamped on its banks below Attock with its 
tents, baggage and artillery. The cause of this flood is 
attributed to a landslip in the narrow, gorge-like part of the 
river in Gilgit, which blocked up the water and converted 
the basin of the river above it into a lake thirty-five miles 
long and some hundreds of feet m depth. The sudden 
bursting of the barrier by the constantly increasing pressure 
of the water on it after the spring thaw is supposed to have 
caused the inundation. 

Many mountain channels are known to have been dammed 
back by the precipitation of a whole hillside across them. In 
1893, in Garhwal, a tributaiy of the Ganges, the Alaknanda, 
was simUarly blocked by the fall of a hillside, and was con¬ 
verted into a lake at Gohna. The lake spread in extent and 
steadily rose in height for several months, till the waters 
ultimately surmounted the obstacle, and caused a severe 
flood by the sudden drauiing of a large part of the lake.* 
The increased volume of water, combined with the high 
velocity of the rivers in flood-time, multiplies their erosive and 

'.taiama and Ktuimir Ttrriloriet, London, 187,). 

• Rk. Q.S.I. voL xxvii. pt. 2,18M. 
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transporting power to an inconceivable extent, and boulders 
and blocks, several feet in diameter, are rolled along their bed, 
and carried jn this manner to distances of fifty or even a hun¬ 
dred miles from their source, causing much injury to the banfa 
and wear and tear to the beds of the channels. 

The Himalayas are undergoing a very active phase of sub¬ 
aerial erosion. Being a zone of recent folding and fracture, 
their disintegration is proceeding at a much more rapid rate 
than is the case with the older earth-features of greater geo¬ 
logical stability. The plains of India and the Ganges delta 
are a fair measure of the amount of matter worn down from et 
section of the Himalayas in the comparatively short interval 
of time that has elapsed since their upheaval in the Pliocene 
lieriod. Mountainous landslips, land-slides, soil-creep, break¬ 
ing off of enormous blocks from the mountain-tops are 
familiar phenomena to the visitors of the hill-stations in 
these mountains. The denudation that prevails in the dense 
forests that clothe the hill-slopes in the Eastern Himalayas 
recalls that of the tropical lands in its intensity and character. 
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CHAPTER II 

STRATIGRAPHY OF INDIA-IXTRODUCTORY 

An oiUHtaiidiiif; difficulty in the .study of the geology of India is 
foriimiion« difficulty of correlatiug a<'curately the various Indian .systems 

H* rid ^ series of rocks with the different divisions of the Europeati 
stratigrajdiical scale, which is acceptisl as the standard for the 
world. The difficulty becomes much greater when there is a 
total absence of any kind of fossil (evidence, as in the enormous 
rock-systems of the Peninsula, in which case the determination 
of the geological horizon is left to the more or less arbitrary and 
unreliable tests of lithological composition, structure, and the 
degree of metamorphism aisiuircd by the rocks. These tests 
are admittedly unsatisfactory, but they are the only ones 
available for ii.xing the homolog)- of the vast pre-Cambrian 
formations of the Peninsula, which form .such an important 
feature of the pre-Palaeozoic geology of India. 

There is no (piestion, of course, of establishing any absolute 
contcmimraneity between the mck-systems of India and tho.se 
of Europe, becaiwe neither lithological corres{K)ndence nor even 
identity of lossils is proof of the synchronous origin of two 
rot^k-art^as so far apart. Biological facts prove that the evolu¬ 
tion of life has not progressed uniformly all over the globe in 
the past, but that in different geographical provinces the 
succession of life-forms has been marked by widely varying 
rates of evolution due to physical differences existing between 
them, and that the process of distribution of species from 
the centre of their origin is very slow and variable. The idea, 
therefore, of contemjxiraneity is not to be entertained in geo¬ 
logical deposits of two distant areas, even when there is a 
perfect similarity ui their fossil contents. 

What is essential is, that the rock-records of India, discovered 
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ill the various parts of the country, should be arranged 
in the order of their superposition, i.e. in a chronological 
sequence. They should be classified with the help of local 
breaks in their sequence, or by the evidence of their organic 
remains, and named accordmg to some local terminology. 
The different outcrops should then be correlated among them¬ 
selves. The last and the most important step Ls to correlate 
these, on the evidence of their contained fossils, or failing 
that, on lithological grounds, to some equivalent division or 
divisions of the standard scale of stratigraphy worked out 
from the fossiliferous rock-records of the world. 

In illustration of the above it may he remarked that the 
Carboniferous system of Europe is characterised by the 
presence of certain tyjies of fossils and by the absence of 
others. If in any part of India a series of strata are found, 
containing a suit of organisms in which many of the gemra 
and a few of the species can be recogiiLsed as identical with the 
above, then the series of strata thus marked off is correlated 
with the CarlHiniferous system of Europe, though on accomit 
of local peculiarities and variations, the system is often desig¬ 
nated by a local name. It is not of much sig-nficance whether 
th(‘y were or were not deposited simultaneously, so long as they 
point to the same epoch in the history of life ujxm the globe; 
and since the history of the development of life upon the earth, 
in other words, the order of appearance of the successive life- 
forms, has been proved to be broadly uniform in all parts of 
the earth, there is some unity between these two rock-gnmps. 
As a substitute for geological synchronism Prof. Huxley in¬ 
troduced the term HomoUixis, meaning “ Similarity of arrange¬ 
ment,” and implying a corresponding position in the geological 
series. The fauna and flora of the Jurassic system of Europe 
are considered homota.xial with those of some series of de¬ 
posits in different parts of India, though it is quite probable 
that in actual age any of these may have been contemporaneous 
with the end of the Triassic deposits in one part of the world 


or with the beginning of the Cretaceous in another. 

It often happens that one and the same geological formation Ths diSermt 
in the different districts is composed of different types of "/”.*” 
depoeits, e.g. in one district it is composed wholly of massive fonnatiom. 
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limestones, vid in another of clays and sandstones. These 
divergent types of deposits are spoken of as belonging to 
different facies, e.g. a calcareous facies, argillaceous facies, 
arenaceous facies, etc. There may also be different facies of 
fauna, just as much as facies of rock-deposits, and the facies 
is then distinguished after the chief element or character of its 
fauna, e.g. coralline facies, littoral facies, etc. Such is often 
the case with the rock-formations of India. From the vast- 
ncss of its area and the prevalence of different physical con¬ 
ditions at the various centres of sedimentation, rocks of the 
same system or age are represented by two or more widely 
different facies, one coastal, another deep-water, a third terres¬ 
trial, and sometimes even a foimth, volcanic. The most 
conspicuous example of this is the Gondwana system of the 
Peninsula and its homotaxial equivalents. The former is 
an immense system of fresh-water and subaerially deposited 
rocks, ranging in age from Upper Carboniferous to Upper 
Jtirassic, whose fossils are ferns ami conifers, fishes and 
reptfies. Rocks of the same ago, in the Himalayas, 
arc marine limestones and calcareous shales of great 
thickness, and containing deep-sea organisms like Lamel- 
libraiKhs, CephaUfpods, Crinoids, etc., from the testimony of 
which they are grouped into Upper Carboniferous, Permian, 
Triassic and Jurassic systems. In the Salt-Range these same 
systems often exhibit a coastal facies of deposits like clays and 
sandstones, with littoral organisms, alternating with lime¬ 
stones. 

In this connection it must be clearly recognised how these 
deposits, which are homotaxial, and more or less the time- 
equivalents of one another, should come to differ in their fossil 
contents. The reason is obvious. For not only are marine 
organisms widely different from land animals and plants, but 
the littoral species that inhabit the sandy or muddy bottoms 
of the coasts are different from those pelagic and abysmal 
organisms that find a congenial habitat in the clearer waters 
of the sea and at great distances from land. Again, the 
animal life of the seas of the past ages was not uniform, W it 
was distributed according to much the same laws as those 
that govern the distribution of the marine biological provinces 
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of to-day. It thus arises that the fossils present in a series 
of deposits are not a function of the period only when the 
deposits were laid down, but, as Lyell saj's, are a “ function of 
three variables,” viz. (1) the geological period at which the 
rocks were formed, (2) the zoological or botanical provinces 
in which the locality was situated, and (3) the physical con¬ 
ditions prevalent at the time, e.g. depth and character of water, 
climate, character of the sea-bottom, etc. 

The following are the important localities in the country, Th« chief 
besides some areas of the Peninsula, wherein the marine fossili- 
ferous facies of the Indian formations are more or less typi- fndi*. 
cally developed; 

1. The Salt-Range. 

[This range of mountains is a widely e.xplorcd region of India. 

It was one of the earliest parts of India to attract the notice of the 
geologists, both on account of its easily accessible jtosition as well 
as for the conspicuous manner in which most of the geological 
systems are displayed in its juecipices ami defiles. Over and above 
its stratigraphic and palaeontological results, the Salt-Range illus¬ 
trates a number of phenomena of dynamical and tectonic geology. ] 

2. The Himalayas. 

[As mentioned in the first chapter, a bro.id zone of sedimentary 
strata lies to the north of the Himalayas, behind its central axis, 
occupying a lai^e part of Tibet. This is known as the Tibetan 
zone of the Himalayas. This zone of marine sediments contains 
one of the most perfect developments of the geological record seen in 
the world, comprising in it all the periods of earth-history from the 
Cambrian to the Eocene. It is almost certain that this belt of 
sediments extends the whole length of the Himalayan chain, from 
Hazara and Kashmir to the furthest eastern extremity ; but so far 
only two portions of it have been surveyed in some detail, the one 
the north-west portion~the Kashmir Himalayas-—and the other 
the mountains of the Central Himalayas north-east of the Simla 
region, especially the Spiti valley, and the northern parts of 
Kumaon and Gathwal.] 

(i) North-Weat Himalayas. 

[This area includes Hazara, Kashmir, the Pir Panjal, and the 
ranges of the Outer Himalayas. A very complete sequence of 
marine Palaeozoic and Mesozoic rocks is met with in the inner 
zone of the mountains, while a complete sequence of Teitiaiy 
development is seen in the outer, Jammu huls. The Kashmir 
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basin, lying between the Zanskar and the Panjab ranges, contains 
tbe most fully developed Palaeozoic system seen in any part of 
India. For this reason, and heeause of the easily accessible nature 
of the formations to parties of students, in a country which clima¬ 
tically forms one of the best parts of India, the geology of Kashmir 
is treated in a separate chapter at the end of the book.] 

(ii) Central Himalayas. 

[Many eminent e.’tplorers have unravelled the geology of these 
mountains since the early 'thirties of the last century, and parts of 
this region, like Spiti, form the classic ground of Indian geology. 

The Central Himalayas include iSpiti, Kumaon and Garhwal 
provinces. The great plateau of Tibet ends in the northern ])arts 
of these areas in a si^riea of gigantic south-facing e.scarpments, 
wherein the atratigra])hy of the northern or Tibetan zone of the 
Himalayas, referred to above, is ty])ically (lisjdayed. The .Spiti 
basin is the best known for its fossil wealth as well as for the 
richness of the stratigraphic results it has yielded. The systems 
of Kashmir are on a north-west continuation of the strike of the 
Spiti basin.] 

3. Sind. 

[Sind posse.sses a highly fossil iferous marine Cretaceous and 
Tertiary record. The hills of the Sind-Baluchistan frontier con¬ 
tain the best-developed Tertiary sequence, which is recognised as 
a type for the rest of India.] 

4. Rajputana. 

[Besides tht^ development of Archaean, Dharwar and Vindhyan 
systems in the Aravalli range. Western Rajputana contains a few 
belated outcrops of marine Mesozoic and early Tertiary strata 
undenieatli the Pleistocene di'sert sand, which has concealed by 
far the greater part of its solid geology. ] 

6. Barma and Baluchistan. 

[These two countries, at either extremity of the extra-Penin- 
sular area.eontnin a large, section of the stratified marine geological 
record which helps to fill upthc gaps in the Indian sequence. Jlany 
of these formations are again highly fossiliferous, and afford good 
ground for comparbon with their Indian congeners. Within the 
geographical term India is now included all these regions which are 
regarded as its natural physical c.xtcn8ion on its two borders-— 
Afghanbtan and Baluchbtan on the west and Burma on the east. 
The student of Indian geology b therefore expected to know of the 
principal rock-formations of Baluchbtan and Burma.] 
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6. Coastal System of India. 

[Along the eastern coast of the Peninsula tliere is a atrip of 
marine sediments of Mesozoic, Tertiary and Quaternary ages, 
in more or less connected patches—the reconls of several succes¬ 
sive “ marine transgressions ” on the coasts.] 

Peninsular India, as must be clear from what wo have seen 
regarding its physical history in the first chapter, is a part of 
India which contains a most imjterfectly develojted geological 
record. The Palaeozoic group is tmrepresented but for the 
fluviatile Permian formations; the Mesozoic ora has a fairly 
full record, but except as regards the ('rctaceous it is pre- 
ponderatingly made, up of fluviatile, terre.strial and volcanic 
accumulations; while the whole of the Tertiary is unrepre¬ 
sented almost in its entindy. 

The student of Indian geology should first familiarise him¬ 
self with the representatives of the various geological systems 
that are foiuid in these provinces of India. For this pur)x>se 
he should thoroughly master the table at the end of 
the chapter, in whiidi the distribution of the Indian 
formations in the principal localities is shoum, correlated 
to the principal divisions of the Europc'an scinience. He 
should also, while doing so, consult as often as he can the 
Geological Map of India,* and note the geographical situation, 
extent and form of the outcrops of the particular series or 
system he is dealing with. Wherever possilile he should note 
the stratigraphical and .structural relations of the various 
formations from the excellent large-scale maps and sections 
issued along with the Rminls and Mi nidirs of the Geological 
Survey of India. 

But, above all, the student should not commit the mistake 
of merely trying to memorise the dry summary of facts regard¬ 
ing the “ rocks ” or “ fossils ” of a system, or consider that 
the idea of a geological system is confined to these. These 
arc the dry bones of the science; they must be clothed with 
flesh and blood, by comparing the processes and actions which 
prevailed when they were formed with those w'hich arc taking 
place before our eyes in the world of to-day. A sand-grain 

* Published by the Geological Survey of India (1910). Scale 1 in. 
=32 miles. 
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or a pebble of the rocks is not a mere particle of inanimate 
matter, but is a word or a ■phrase in the history of the earth, 
and has much to tell of a long chain of natural operations which 
were concerned in its formation. Similarly, a fossil shell is 
not a mere chance relic of an animal that once lived, but a 
valuable documrU whose preservation is to be reckoned an 
important event in the history of the earth. That mollusc 
to which the shell belonged was the heir to a long line of an¬ 
cestors and itself was the progenitor of a long line of descen¬ 
dants. Its fossil shell marks a definite stage in the evolution 
of life on earth that was reached at the time of its exist¬ 
ence, which definite period of time it has helped to register. 
Often it tells much more than this, of the geography and 
climate of the ejM)ch, of its contemporaries and its rival species. 
In this way, by a judicious use of the imagination, is the bare 
skeleton given a form and clothed; the geological records 
then cease to be an unintelligent mass of facts, a burden to 
memory, and become a living story of the various stages of 
the earth’s evolution. 

One. word more. In reading stratigraphical geology the 
student should remind himself, often and often, and take note 
of the illustrations of the principles of dynamical and tectonic 
geology, of wliich every page of historical geology is full. 
Many of the facts of dynamical and structural geology find 
a pertinent illustration by the part they play in the stnicturc 
or history of a particular country or district. The problems 
of crust-deformations, of vulcanieity, of the variations, migra¬ 
tions and extinctions of life-forms with the passage of time, 
and a host of other minor questions that are inscribed in the 
pages of the rock-register, must be thought over and inter¬ 
preted with the clue that modem agencies in the earth’s 
rlynamics furnish. 
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CHAPTER III 
THE ARCHAEAN SYSTEM 

GsniiraL TliE oldest rocks of the earth’s crust that have been found at 
the bottom of the stratified deposits, in all countries of the 
world, exhibit similar characters rejjardin}; their structure as 
well as their composition. They form the core of all the fjreat 
mountain-chains of tlu! world and the foundations of all its 
great ancient plateaus. They are all azoic, thoroughly 
crj'stalline, extremely contorted and faulted, are largely in¬ 
truded by phitonie intrusions, and generally have a well-defined 
foliated stnicture. These conditions have imjiarted to the 
Archaean rocks such an extreme complexity of characters 
and relations that the .system is often known by the names 
of the “ Fundanumtal Complex,” the ” Basement Complex,” 
etc. (Fig. II.) 

The way in which the Archaean crystalline rocks have 
originated is not well understood yet, and various modes of 
formation have been ascribed to these rocks: (1) Some are 
believed to repre.sent, in part at least, the first-formed crust 
of the earth by the consolidation of the gaseous or molten 
planet. (2) Some are believed to be the earliest sediments 
formed under conditions in many rcs|)ccts different from those 
existing at later dates and laid down in the primeval ocean 
basins and which have undergone an extreme degree of 
thermal and regional metamorphism. (If) .Some are thought 
to be the residt of the bodily deformation or metamorphism 
of largo plutonic igneous masses under great earth-movements 
or stresses. (4) Some are believed to be the result of the 
consolidation of an original heterogeneous magma erupted 
successively in the crust (cf. the banded gabbros). 

Distribution, Xhe cr)’8talline and gneissic rocks of the Archaean system 
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form an enormous extent of the surface of India. By far the 
largest part of the Peninsula, the Central and Southern, is 
occupied by this ancient crystalline complex. To the north¬ 
east they occupy wide areas in Orissa, Central Provinces and 
Chota Nagpur. Towards the north the same rocks are 



Fig. 3.--'DiaKram Allowing contortion in the Ardiui'an giiclus of Kaiigalore. 


exposed in an extensive outcrop covering the whole of 
Bundelkhand; while to the north-west they are found in a 
number of isolated outcrops, extending from north of 
Baroda to a long distance in the Aravallis and Kajputana. 

In the extra-Peninsula, gneisses and crystalline rocks are 
again exposed along the whole length of the Himalayas, build¬ 
ing all their highest ranges and forming the very backbone of 
the mountam-8}'stem. This Crystalline axis runs as a broad 

W.O.l. 
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central zone from the Karakoram and the Kashmir ranges 
to the eastern extremity in Burma. The eastern part of the 
Himalayas, from Nepal eastwards, has not been explored, 
with the exception of Sikkim, but it is certain that the 
crystalline zone is quite continuous. It is a matter of great 
uncertainty, however, what part of the great gneissic complex 
of the Himalayas represents the Archaean system, because 
much of it is now ascertained to be highly metamorphosed 
granites or other intrusives of late Me.sozoic or even Tertiary 
ages. The Himalayan gneiss has been designated as the 
“ Central ” or “ Fundamental ” gneiss. 

A fairly broad crystalline zone, similar to the gneisses of the 
Peninsula, nms along Burma from north to south, constitut¬ 
ing the Martaban system of the southern or Tenasserim 
division ; and the Mogok gneiss of North Burma, 
tto AreSean ’^'■**'** '“any hundred thousand square miles, 

■yiton. the most common Archaean rock is gneiss—a, rock which in 
mineral composition may vary from granite to gabbro, but 
which possesses a constant, more or less foliated or banded 
structure, designated as gnemk. This charac^terLstic banded 
or streaky character may be cither due to an alternation of 
bands or layers of the different constituent minerals of the 
rock, or to the association of layers of rocks of varj’ing mineral 
composition. At many places the gncLss appears to be a mere 
intrusive granite, exhibiting clearly intrusive relations to its 
neighbours. The gneiss, again, frequently shows great lack 
of imiformity either of composition or of structure, and 
varii« from place to place. At times it is very finely foliated, 
with folia of exceeding thinness alternating with one another; 
at other times there is hardly any foliation or schistosity at 
all, the rock looking perfectly granitoid in appearance. The 
texture also varies between wide limits, from a coarse holo- 
crystalline rock, with individual phenocryste as large as one 
or two inches, to almost a felsite with a texture so fine that 
the rock appears quite homogeneous to the eye. 

The constituent minerals of the commoner types of the 
Archaean gneiss arc; orthoclase, oligoclase or microcline, 
quartz muscovite, biotite, and hornblende with a variable 
amount of accessory minerals and some secondary or alteration 
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products, like chlorite, tourmaline, epidote and kaolin. 
Orthoclase is the most abundant constituent, and gives 
the characteristic pink or white colour to the rock. 
Plagioclase is subordinate in amomit; quartz also is present 
in variable quantities: hornblende and biotite are the 
most usual ferro-magnesian constituents, and give rise to 
the hornblende and biotite-gncisses, which are the most 
prevalent rocks of the Central ranges over wide tracts of the 
Himalayas. Tourmaline is an essential constituent of some 
gneisses of the Himalayas. Chlorite occurs as a secondary 
product, replacing either hornblende or biotite. Less fre¬ 
quent minerals, and occurring cither in the main mass or in 
the- pegmatite vems that cross them, are apatite, epidote, 
garnets, scapolite, wollastonite, beryl, tourmaline, trcmolite, 
actinolite, jadeite, corundum, sillimanite together with spinels, 
ilmenite, rutile, zircon, graphite, iron ore, etc. Besides the 
composition of the gneiss being very variable over wide 
areas, almost all gradations are )o be seen, from thoroughly 
acid to intermediate and basic composition (granite-gneiss, 
syenite-gneiss, diorite-gneiss, gabbro-gneiss). 

By the disappearance of the felspars the gneisses pass into 
schists, which are the next abundant components of the 
Archaean system of India. The schists arc for the most 
part thoroughly crystalline, mica-, hornblende-, talc-, 
chlorite-, epidote-, sillimanite- and graphite-schists. Mica- 
schists are the most common, and are often gametiferous. 
Less common rocks of the Archaean of India, and occuniug 
separately or as interbedded lenses or bands in the main 
complex, are granulites, crystalline limestones (marbles), 
dolomites, graphite, iron-ores, and some other mineral masses. 
The gneisses and schists are further traversed by an extensive 
system of basic trap-dykes of dioritic or doleritic composition. 

But the Archaean group of India, as of the other countries 
of the world, is far more complex in its constitution than is 
expressed by the above few simple statements. In it, though 
several concrete petrological elements have been recognised, 
yet their relations are so very intimate that separation of 
these is very difiScult or impossible. Among these gneisses 
and schists those which, by reason of their chemical and 
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mineralogical composition, are believed to be the highly 
deformed and metamorphosed equivalents of plutonic igneous 
masses, arc known as orthogneisses or orthoschists, while 
others that suggest the characters of highly altered sediments 
deposited in the ancient seas are known as para-gneisses or 
para-schists; a third kind again is also distinguished, which, 
according to some authors, may be the original first-formed 
crust of the earth. It thus appears that the Indian Archaean 
repre-sentatives do not belong to any one petrological system, 
but are a “complex” of several factors: (1) an ancient 
fundamental hasenient complex into which, ('!) a series of 
plutonic rocks are Intruded, like the ('harnockites and some 
varieties of Ihindelkhaiid gneis,ses, while there is (3) a factor 
repre.srmting highly metamorphosed schistose sediments, the 
para-gneisses and schists, which i)robably are mainly of 
Dharwar age, and are generally younger than the gneisses. 
Fetrologioal Associated with the Archaean giiei.sses and schists there are 
some interesting petrological types discovered during the pro¬ 
gress of the Indian Geological Survey, which the student 
should know. Some of these are described below : 

Granite. 01 Ncirth .\rcot. 

Augite-grsnite. ((f Ssleiii. 

AnBiti‘-.syeni(<' 

(Laurvikite). 

Nopheline-syenite. Of ('eimlMitore. Vizagaimtani, Kishengarli (Haj- 

Elaeolito-syenitea and |mlnim) and .Innayadh (Kathiawar). These 
their iH'gmatites. an' a ({niii|i of intermi'diate iilutonie roi ks 
foliated nnion(! the gnei.ssea. Among their 
normal essential minerals are aikite and 
grnpkite in a ipiite fresh slate. The type 
elaeolitc-syenitc of Kishengarh contains 
large crj-stals of beautiful blue mhlile with 
seapnIUe, xplane, garnet, etc., as aeeesaories. 

Elaeolite-syenite. Of the Coimbatore district, constitute the so- 

Augitc-syenite. called Simmahii seriMof Holland. These are 

Corundum-syenite. genetically related rocks, all derived from a 
common highly aluminous magma. 

1. Chamockite. Of Afadras and Bengal are acid intermediate, 

2. Augite-noritp. basic and ultra-basic memlu-rs respectively 

3. Norite. of a highly differentiated series of holo- 

4. Hyperite. crystalline, granitoid, hypersthene-bearing 

6. OBvino-norite. rocks of the Peninsula distinguished by 

6. Pyroxenite. Holland and named by him Chamockite 
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7. Anorthosite. series from Chsrnock, the founder of Calootta. 

8. Qrsnulite. (8ee Charnockitc series below.) 

9. Uametiferous- 

loptynite; 

10. Pyroxone-diorite. 

11. Soapolite-diorite. 

KhoiulHlih) Named after the Khoiids of Orissa, occurs iti 

(Quartz+8illimanito Oriasu, Central Provinces, etc.; are light- 

+graphite). coloured richly garnetiferous gneissi-a and 

schists characterised by the abundance of the 
mineral sillimanilo and the ptesmice of 
graphite. They are regarded as para- 
gneisses and schists.' 

Gondit(' Named from the (londs of the (,'entral Provinces 

(Quartz manganese- by Dr. L. Termor. Thes(^ are a aeries of nieta- 
garnet-l-rhodonite). morphosed rocks belonging to the Archaean 
and Jlharwar systems and largely composed of 
quartz, spossartite, rhodonite and other 
manganese-silicates. These rocks are sup¬ 
posed to be the product of the dynamic 
metamorphism of nianganiferous clays and 
sands deposited during Dhoiwar times. On 
the chemical alteration of the manganese- 
silicates so produced, these rocks havo yielded 
the abundant manganese-ores of the llbarwar 
system. 

Kodiirite From Kodur in Vizagajiatain district. These 

(Orthoclosc are a group of plutonic rocks intrusive into 

t-manganese-garnet the Oondites, and have incor|)orated to a 
I- apatite). large e.\tent the manganese-ore bodi(« of the 

latter. The normal tyjre, or Kodurite. pro|s'r, 
has the eompo.sitiuu noted above, and is a 
basic plutonic ruck classified with ijhonkinites, 
but then^ are acid as well as ultra-basic 
varieties of the series like the Kpaiidite-rock, 
tnangan(M-])nriiiciiile, containing manganese- 
garnet, -amjdiibole, -pyroxene, -sphene, etc., 
at one end, and quartz-urthoclose rock and 
quartz-kodurit<! at the other. These rocks 
also have yielded the mangan(»i!-orcs of the 
Uharwar system by chemical alt'Tations. 

Caic.gnciss, The lirst two of these aro lughly calcareous 

calciphvres and rocks which arc found asstxiiated with the 

crystalline limestones. Archaean rocks of the Central Provinces and 
some other localities in India. They arc a 
series of granulite-like rocks with an un¬ 
usually high preponderance of lime-silicates, 
diupside, hornblende, labradorito, cpidote, 
garnet, sphene, and similar alun^-ealcan-uus 
silicates. From such a composition, they are 
believed to be para-gneisses, i.e. formed by 

' Mtm, Q.SJ. Tol. xxxiii. pt. 3, 1902. 
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the metamorphism of a pre-existing cal¬ 
careous and argillaceous series of sediments. 

The oxidation by meteoric agencies of 
these scries has given rise to the crystalline 
limestones, the third class of rocks mentioned 
in the heading. These are very intimately 
associated with the two former rocks in the 
t'entral Provinces and in Burma. The 
abundant lime and magnesian silicates of 
these gneisses have Ijcen altered by percolating 
waters, carrying dissolved CO„ into caloite 
and magnesite. Besides the crystalline limes 
and dolomites of the Omtral Provinces, the 
famous ruby-limestone associated with the 
Mogok gneiss of Burma is another example. 
The origin of these limestones was a pnzsle 
b(“cuuse they could not be explained on the 
supposition of their btung of either st-dimen- 
taiy, organic or chemical deposition.' 

Quart*.haematite t,'iim|K)scd of quart* and hacraalito or quart* 

schist. and magnetite. These are of very common 

Quartz-magnetite prevalence in many parts of South India, 

sou'i't. e8p(!cially among the Dharwar schists. The 

inm-orn and quart* arc generally in very 
intimate association arranged in thin layers 
or folia. 

CWfloa- The gneissic Arcliaeaii rocks of India are cla.ssified into the 
following more or less well-defined gron])a, though they do not 
rejmytent any definite succe.ssion in time ; 

1. Bengal ynews—Highly foliated, heterogeneous, schistose 

gneisses and schists, of Bengal, Behar, Orissa, Carnatic, 
etc. 

2. Bundelkhaml gnem- Massive, granitoid gneisses of Biui- 

delkhand and some other parts of the Peninsula. This 
gneiss is regarded as intrusive into the former. 

3. CharnockUe series-Nilgiri jnews--Mas8ive, eruptive, 

dark-coloured hyirersthene-granitoid gneisses of South 
India. 

(1) Benqai, gneiss is very finely foliated, of heterogeneous 
composition, the different schistose planes being characterised 
by material of different composition. This gneiss is closely 
associated vith schists of various composition. The gneira 
is often dioritic, owingto thelargerproportionoftheplagioclase 

' Fermor, Xte. voL xxxiii. pt. 3,1006. 
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present. Numerous intercalated beds of limestones, dolomites, 
hornblende-rock, epidote-rock, corundum-rock, etc., occur 
among the gneiss. There is an abundance of accessory minerals, 
contained both in the rock itself and in the accessory beds asso 
ciated with it, such as magnetite, ilmenite, schorl, garnet, 
calcite, lepidote, beryl, apatite, epidote, corundum, micas, 
etc. In all the above characters the rocks commonly desig¬ 
nated Bengal gneiss differ strikingly from those commonly 
named Bundelkhand gneiss, in which there are no accessory 
constituents, and but few as.sociated schists. 

The weathering of some part of the gneiss of North Btmgal 
is very peculiar ; it gives rise to semi-circular, dome-like hills, 
or ellipsoidal ma.sses, by the exfoliating of the nwk in regularly 
circular scales. From this peculiarity the gneiss has received 
the name of Dome gneiss. 

The gneiss in some places of Bengal closely resembles an 
intrusive granite with well-marked zone of contact-meta- 
morphism m the surrounding gneisses and schists in which it 
appears to have intnided. Its plutonic nature is further shown 
in its containing local segregations (autolitlis) and inclusions 
of foreign rock-fragments (xenoliths). 

Besides the foregoing varieties some other petrological types TypM of 
arc distinguished in the Bengal gneiss, the most noted 
the Sillimaniie-gneiss and Sillhnanite schist of Orissa, known 
as Khondalites (from the Khond inhabitants of Orissa). These 
give clear evidences of being metamorphosed sediments (para- 
schists). The Bengal gneiss faeies is revealed in the gneisses 
of Behar, Manbhum and Rewah, and some other parts of the 
Peninsula also. The Carnatic and Salem gneisses arc examples. 
Carnatic gneiss is schistose, including micaceous, talcosc, and 
homblendic schists. The well-known mica-bearing schists 
of Nellore, which support the mica mines of the district, belong 
to the facies of the Bengal gneisses. The schistose type of 
Bengal gneiss is regarded as probably the oldest member of the 
Archaean Complex. 

(2) Bukdelkhand Gneiss. Bundelkhand gneiss occurs in 
the type area of Bundelkhand. It looks a typical pink granite 
in hand specimens, the foliation being very rude, if at all de¬ 
veloped. In its field relations, the Bundelkhand gneiss differs 
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from ordinary intrusive granite only in the enormous area 
wliifh it (K‘cui)ies. Indeed, it may be regardc^l as an intmeive 
granite, like the (.'haniockites to be described below. Schists 
are ass(M'iated with the gneisses very sparuigly, e.g. horn¬ 
blende-, tale- and chlorite-schists. No interbedded marbles 
or doloinites or (juartzites wcur in the Bundelkhand gneiss, 
imr is there any develoimient of accessory minerals in the mass 
of the rock or in the p('gmatite-veins. Bundelkhand gneiss 
is traversed liy e.xtensive dykes and sills of a coarse-grained 
diorite, which persist for long dLstuin es. It is also travensed 
by a large niiniher of coar.se pegmatite-veins as in a bo.ss of 
granite. Quartz-veins or reefs (the ultra-acid modification of 
the pegmatite-veins), of great length, run as long, narrow 
serrated walls, intersecting each other in all directions, giving 
to the landscapes of the country a peculiar feature. They 
intersect the drainage-courses of the district and are the cause 
ol the numerous lakes ol Bumlelkhand, who.se formation can 
be easily imderstood and re(|uires i\o e.xplanation. 

I his type ol gncLss is also met with in the I’eninsula at several 
localities, and is recognised there under various names Bala- 
yliiil iliwiss (also mimed /Jc/hoy gneiss, 

CiaWo/)((/( gneiss, etc. The rock is (juaiTied e.xtensivelv for use 
as a building stone, and has in the jiast contributed material 
ol e.xcellent unality for the building of numerous temples and 
other edifices of South India. 

(.i) ( ilAKNOi'Ki’i'K SKKiKs. This is the name given to a 
series of plutonic granitoid rocks of South India, occurring 
as intrusions into the older .Vrehaean gneisses and schists 
(d the I eninsula, Ihese rocks an* ot wide jirevalence 
in the Madras Presidency, and coiustitute its chief hill- 
iiunsses the Nilgiris, Palnis. She\aroys, etc. They are 
medium to coarse grained, dark-coloured, basic holocrystalline 
granitoid gneisses, possessing such a distinctive assemblage 
of )X>trological cliaraiders and mineral composition that they 
are easily distinguisliiHl from the other An liaean rocks of the 
Peifinsula. This group includes many varieties and forms 
which are modifications of a central type (the Charnockite 
proper), but these different varieties exhibit a distinct “ con¬ 
sanguinity ” or family ndationship to each other. From this 






THE ARCHAEAN SYSTEM 


57 


ciTcumstance tlie Ckamockite giwisses o? So\iU\ Inim 
a very good instance of a Pelrographiml provime Vitkin tke 
Indian region. The name Charnockite whkh was originally 
given by the discoverer of these rocks, Sir T. H. Holland, to the 
type-rock from near Madra.s, i.s now, therefore. e.\-tende<i by him 
(Charnockite series) to include all the more or less elos(‘ly 
related varieties occurring in various parts of the .Madras 
Presidency and other parts of the 1‘eninsula. 

The mineralogical characters which give to these rocks their fotroloBiesl 
distinctive characters are : The almost, constant presence (,f 
the rhombic pyro.xene. hypersthene or eiistatite. and a high 
proportion of the dark ferromagnesian compounds wliich im¬ 
part to the rock its usual dark colours. The onlinury con¬ 
stituents of the rock include bluc-coloured (piariz, plagioclases. 
augitc, hornblende and biotite with zircon, iron-ores and 
graphite as accessories, (larncts are of very common occur¬ 
rence. The presence, in different proportions, of tli<‘ aliovc' 
constituents imparls to the dilfi'rent varieties a composition 
varying from an acid or intermediate hy|iersliieni‘-granile 
{Charnockite proper) through all gradations ol increasing 
basicity, to that of the ultra-basic felsparless rocks. 
j>vroxeniteS, The 8])ecific gravity and silica jier cent, range 
from 2-67 and 75 per cent, respectively, in the, normal 
hypersthene-granite, to .“I tKl and o2 per cent, in the norites 
and hyperites. In the pyroxenifes the .s|)ecilic gravity rises 
to ;V37, corre.sponding to a fall of silica ])er cent, to (8 per 
cent. These ultra-basic typ<‘s occur only locally as small 
lenses or bands in the more acid and commoin'r types. 

That the Charnockites are of the nature of ijineous plutonic 
rocks, intruded into the other Anbaean rock-masses, is 
considered to be established from a number of facts obsf.Tved 
relating to their field-characters: 

(1) Their usual occurrence in irregular or lenticular .sills 
forming hill-masses, and ]:) 0 ,s.ses.sing a general uidformity of 
composition and ndneralogical characters characteristic of 
plutonic intrusions. 

(2) They present evidences of the processes of magmatic 
differentiation and segregation, and show fine-grained basic 
secretions and acid excretions (contemporaneous veins, etc.). 
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(4) At some places well-defined contact-phenomena are 
exhibited at their junction with the rocks they have invaded. 
Such rocks as quartzites and limestone show this in a pro¬ 
nounced manner, e.g. the production of such minerals as silli- 
raanitc and conuulum in the former, and scapolite, sphene 
and lime-garnets in the latter. 

The Charnockitc series is mainly confin«l to the Madras 
Presidency and South India; a few of its types, viz. 
anorthosites, a rock j)rincipally composed of anorthite felspar, 
and olmne-noriles, are found in Bengal near Raniganj. 


[A thin section of Cliamockite of average composition under 
the microscope shows an hypidioraorjAic aggregate of large 
plates of microcliue or any other plagioclase and quartz, with allo- 
triomorphic plates of hypersthene, and a few grains of pink garnet 
with irregular outlines. The accessories are crystals of magnetite, 
or ilmcnitc, and sometimes very small grains of zircon. The 
quartz is often crowded with acicular inclusions, which are disposed 
parallel to its crystallographic a.xes. The microcline occurs in 
large clear prisms and plates, with its characteristic twin-stria- 
tions; it is often ‘ferthitk, by intergrowth with another plagioclase. 
The quartz at times shows graphic relations to the felspar. The 
felspars vary from oligoclasc to labradorite. Garnet is commonly 
seen in irregular crystals, with numerous anisotropic inclusions. 
The garnets arc believed to have originated by the interaction 
between hypersthene and felspar, and they are usually found in 
the zone of reaction between the two. Free silica is eliminated 
during the process, and is distributed as pegmatitic intergrowth 
with the garnets, llj-persthcne is invariably present as a primary 
constituent, but in variable quantity according to the basicity of 
the rock; it is distinctly pleochroic, shows schiller inclusions, 
straight extinction, and its characteristic interference colours. 
It is generally accompanied by hornblende and augite in the less 
basic varieties. Among the accessories are black opaque crystal¬ 
line aggregates of magnetite and ilmenite with apatite and zircon; 
the latter is found in very minute grains. The minerals of 
Charnockitc are usually all fresh, there being very little evidence 
of decomposition.] 


As already said, the bulk of the high ranges of the Hima¬ 
layas forming the central or Himalayan zone proper is formed 
of cry'stalline or metamorphic roeb, like granites, gneisses, 
and schists. In this complex, known formerly a^Ahf ^Ixal 
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(3) They show apophyses and dykes protruding into the 
surrounding older gneisses and schists. 

(4) At some ])lac<!S well-defined contact-phenomena are 
e.xliibited at their junction with tln^ rocks they have invaded. 
Such rocLs as quartzites and limestomt show this in a pro¬ 
nounced manner, e.fj. the production of such minerals as silli- 
manito and conmdiim in the former, and scapolitc, sphene 
and liine-ganiets in the latter. 

The ('harnock'iti^ series is mainly confined to the Madras 
I’resideney and Soiitli India; a few of its types, viz. 
anorthmilcii, a rock |irincipally compo.sed of anorthito felspar, 
and ulivim’-mrilcfi, are fimnd in Mongal near Haniganj. 

[A thin S(sti(jn of t'harnockite of averag*! e.omposition under 
tli(^ inicidseope shows an hypidiomoiphic aggregate of large 
plates of niieidcline or anvother plagiocla.se and quartz, with allo- 
triomorphic iilates of hypersthene, and a few grains of ]iink garnet 
with irregular outlines. The aeee.s.sories are crystals of magnetite, 
or ilmenite, and sometimes very small grains of zircon. The 
quartz is often crowded with acicular inclusions, which are disposed 
parallel to its erystallographh^ axes. The microeline occurs in 
l.arge clear prisms and plates, with its chariuderistic twin-stria- 
tions ; it is often prHhitic. hy intergrowth with another plagirada.se. 
The (piartz at times shows graphic relations to the fglspar. The 
fidspats vary from oligoelase to lahradorite. (iarnet is eommonlv 
seen in irregular crystals, with numerous anisotroiiic inclusions. 
The garnets are helieved to have originated by tire interaction 
between hyprusthene and felsi)ar, and they ate usually found in 
the zone of reaction between the two. Free silica is eliminated 
during the jirocess. and is distributed as pegmatitic intergrowth 
with the garnets. Hypersthene is invariably present us a jrriniarv 
constituent, but in variable ipiantity according to the basicity of 
the rock; it is distinctly i>leochroic, shows schiller inclusions, 
straight extinction, and its ciiaracteristic interference colours. 
It is generally accompanied by hornblende and augite in the less 
basic varieties. Among the accessories are black opaque crystal¬ 
line aggregates of magnetite and ilmenite with apatite and zircon ; 
the latter is found in very minute grains. The minerals of 
Oharnockite are usually all fresh, there being verv little evidence 
of decompo.sition.J 

.4.S alreadv said, the bulk of the high ranges of the Hima¬ 
layas forming the central or Himalayan zone proper is formed 
of crystalline or metamorphic rocks, like granites, gneisses, 
and schists. In this complex, known formerly as the Central 











•THB AKCOMMN SYSTEM 59 

gneiss, from its occupying the central axis of the mountain 
chain from'one extremity to the other, the representatives 9 f 
the Archaean gneisses of the Peninsula are to be found. It 
is, however, difficult to knofr how many of t hese are of Archaean 
age, for it is now known for certain, by the researches of General 
MacMahon and later investigators, that much of it is of uitru- 
sive origin, and, therefore, of very much younger age. In fact, 
over large tracts they have been proved to be of Cretaceous 
and Miocene ages. These granites have paascd into gneisses 
by assuming a foliatwl structure, whih^ the Archaean gneiss 
proper has assumed the aspect of granites, owing to the high 
degree of dynamic raetamorphism. It is again epute probable 
that a certain proportion of the central gneiss is to be attri¬ 
buted to highly metamorphosed ancient (I'urana) sediments. 
It is therefore difficult to separate from this cotnplex the con¬ 
stituent elements of the Archaean gneiss from gneissose granite 
or from the metamorphosed sediments of later age. 
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CHAPTER IV 


AltClIAKAN SYSTEM (nmld.) 
rHE DHARWAR SYSTEM 

Gonoml. AooORDiNil to the conimoiilv received interpretation, during 
the later stages of tlie Archaean era the meteoric conditions 
of the earth appear to have heen changing gradually. We 
may .suppose that the decreasing temperature, due to 
continual radiation, condensi'd most of the vapours that 
wer(! held in the, thick primitive atmosphere and precipitated 
them on the earth’s surface. The condensed vapours 
collectwl into the hollows and corrugations of the litho¬ 
sphere, and thus gave rise to the first-formed ocean. Further 
loss of ht'at produced condensation in the origuial bulk of the 
planet, and as the outer crust had to accommodate itself to 
the steady dimiimtion of the interior, the first-formed wrinkles 
and ine(]ualities became more and more accentuated. The 
oceans became deeper, and the land-ma.sses, the skeletons of 
the first continents, rose more and more above the general 
surface. The outlines of the seas and continents being thus 
establisherl, the geological agents of denudation entered upon 
their work. The Weathering of the older Archaean gircisses 
and schists yielded the earliest sediments which were deposited 
on the l)cd of the sea, and formed the oldest sedimentary 
strata, known in the gcologj- of India as the Dharwar 
System. 

These sedimentary strata appear to rest over the gneisses 
at some places with a groat unconformity, while at others 
they are largely interbedded with them, and m some cases 
are of undoubtedly older age than some of the gneisses. 
Although, for the greater part at least, of undoubted 
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sedimentary origin, the Dharwar strata are altogether 
unfossiliferous, a circumstance to be explained as much 
by their fextremely early age, when no organic Ixnngs 
peopled the earth, as by the great degree of mctamorpliism 
they have undergone. The complex foldings of the crust 
in which these rocks have been involved have obliterated 
nearly all traces of their sedimentary natun-, and have 
given to them a thoroughly cr}-stalline and schistose structure, 
hardly to be distinguished from the underlying gneisses and 
schists. They arc besides extensively intnided by granitic, 
bosses and veins and sheets, and by an extensive system of 
doleiiite dykes, thus rendering these rock-mn.sscs still more 
difficult of identification. 

One important peculiarity regarding the mode of ocmrrence Oatcn>p« of 
of the Dharwar rocks- as of generally all other occurrences 
of the oldest sediments that have s>irvive«l uj> to tlii^ 
present—is that they occur in narrow eknigafed .svmclinal 
outcrops among the gncissic Archaeans as outliers in them. 

This tectonic peculiarity is due to the fact that oidy 
those portions of the Dharwar beds that were involved 
in the troughs of S3mclinal folds and have, (‘(insequently, 
received a great deal of compression, an; ])reserv('d, the 
limbs of the synelines, together with their connecting 
anticlinal tops, having been planed dovni by the weathering 
of ages. 

The rocks of this system possess the most diverse litho- The 
logical characters, being a complex of all kinds of 
clastic sediments, chemically precipitated rocks, volcanic and 
plutonic rocks—all of which show an intense degree of meta- 
morphism. No other svstem furnishes such excellent material 
for the study of the various aspects of rock-metamorphism. 

The rocks are often highly metalliferous, containing ores 
of iron and manganese, occasionally also of coppr, lead, 
and gold. The bulk of the rocks of the system b forme<l 
of phyllites, schists, and slates. These are hornblende-, 
chlorite-, haematite- and magnetite-schists, felspathic schists; 
quartzites and highly alter^ volcanic rocks, e.g. rhyolites 
and andesites turned into hornblende-schists ; abundant and 
widespread granitic intrusions; cr}’stalline limestones and 
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marbles; serpentinous marbles; steatite masses; beds of 
brilliantly coloured and ribboned jaspers; roofing slates ; 
and massive beds of iron and manganese oxides. 

The platonic intrusions assumed to be of Dharwar 
age have given rise to some interesting rock-types, some 
of which have already been described in the last chapter, 
viz. nepheline-syenites of Rajputana, differentiated into 
the elaeolite-syenitc and sodalite-syenite of Kishengarh, 
which carry the beautiful mineral sodalite. Many of the 
granites of the Dhanvar system are tourmaline-granites; 
among other intrusives are the quartz-porphyry of Rajpu- 
taiia, and the dunitcs of Salem. The pegmatite-veins 
intersecting some of the plutonics are often very coarse, 
and, especially when they cut through mica-iichists, bear 
extremely large crystals of muscovite, the cleavage sheets 
of which are of great commercial value. Such is particularly 
the case with the mica-schLsts of Hazaribagh, Nellore, and 
parts of Rajputana, where a large quantity of mica is 
(piarricd. Besides muscovite, the pegmatites carry several 
other beautifully crystallised rare minerals, e.g. molybdenite, 
columbite, pitch-blende, gadolinite, torbernitc, etc. 

Hero must also be oonsidertid the curious group of niangani- 
f(!rou8 crystalline limeatoi\es of Nagpur and Chbindwara 
districts of the Central Provinces, containing such minerals as 
piedmontite (Mn-cpidote), spessartite (Mn-gamet), with Mn- 
pyroxene, -amphibole, -sphene, etc., which have given rise, on 
subsequent alterat ion. to some quantity of manganese ores. As 
mentioned on p. R), these crystalline limestones are attributed 
a curious mode of origin. Dr. Fermor has shown them to be 
duo to the metasomatic replacement of Archaean calc-gneisses 
and calciphyres, which in turn were themselves the product 
of the regional metamorphism of highly calcareous and man- 
ganiferous sediments.^ 

Another peculiar cock is the flexible sandstone of Jind(Kaliana). 
The rock was originally formed from the decomposition, of the 
gneisses, and had a certain proportion of felspar grains in it. 
On the subsequent decomposition of the felspar grains the rock 
became a mass of loosely interlocking grains of quartz, with 
■ See. Q.3.I. toL zxxiii. pt. 3,1806. 
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wide interspaces around them, which allow a certain amount 
of flexibiJity in the stone. 

The Dharwar rocks arc very closely associated with the Distribution 
Archaean gneisses and schists in many parts of the Peninsula. 

The principal exposures in the Peninsula are three : (1) 

Southern Deccan, including the type-area of Dharwar and 
Bellary and the greater part of the My.sore State : (2) the 
Dharwar areas of Carnatic, Chota Nagpur, Jabalpur, Nag¬ 
pur, etc.; with those of Behar, Rewali and llazaribagh; 

(3) the Aravalli region, extending as far northwards a.s Delhi, 
and in its southeni extremity including north Gujarat. In 
the cxtra-Peninsula the Dharwar system is probably well 
represented in the Himalayas, both in the central and 
northern zones, as well as in the Shillong plateau of the 
Assam ranges. 

1. Dharwar (Oie Type-area). The rocks occur in a 
number of narrow elongated bands, the bottoms of old 
synclines, extending from the southern margin of the 
Deccan traps to the Cauvery. The general dij) of the 
strata is tow'ards the middle of the bands. The constituent 
riKiks ate slates, quartzite, conglomerates, hornblende-, 
chlorite-, talc-schists, etc., together with very charac¬ 
teristic brilliantly-banded cherts ; these rocks are associated 
with lavas of dioritic composition. The Dharwar slates 
exhibit all the intermediate stages of metamorphism (ana¬ 
morphism) into schists, viz. unaltered slates, chiastolite-slates, 
phyllites and mica-schists. Numerous quartz-veins or reefs 
traverse the Dharwar rocks of thc.se areas. Some of those arc 
auriferous and contain enough of dis.scminated gold to support 
some goldfields. The principal gold-mining centre in India, 
the Kolar fields in the Mysore State, is situated on the 
outcrops of some of these quartz-veins or reefs. For fuller 
account of the Dharwar rocks of this area, the student is 
referred to the publications of the Mysore State Geological 
Department. 

2. Rajrdtana (the. AravaUi series). Dharwar rocks are Ar»TsU| 
exposed in a very large outcrop in the Aravalli range of Raj- 
putana. This, the most ancient mormtain-chain of India, 

came into existence at the close of the Dharwar era, when the 
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sediments that were deposited in the seas of that age were 
ridf^cd up by an upheaval of erogenic nature. Since then the 
Aravalli niountains remained the principal feature in the 
geography of India for many ages, performing all the functions 
of a great mountain-chain and contributing their sedimenta 
to many deposits of later ages. Evidence e.viats that this 
mountain-ehain vva.s of far gnater projK)rtions in past times, 
and that it stretched from the Deccan to {)erhaps beyond 
the limits of the irimalayas. 

The Dharvvariau rocks of the Aravalli region, known under 
the name of the Aravalli .series, resemble in their lithological 
com{S)sition the. rocks just described in the tyis’-area, but are 
(listitiguished from them by a great development of crystalline 
limestones or marbles in some Iwalities. The famous Mckrana 
and Jodhpur marbles, the source of the material for the cele¬ 
brated Mogul buildings of Delhi and Agra, are derived from 
these rocks. Among the common rocks of the Aravalli series 
are (piartzites, mica-schists, horiddende-schists, calciphyres, 
with felspathie schists and gneisses. The schists include 
numeroas secondary aluminoiLs and calcareous silicates like 
andahLsite,sillimanite, staurolite, ami a largo number of ganiets. 
At some places the Aravalli series includes lodes of copper, with 
traces of nickel and cobalt, which were largely worked by the 
ancients. (Jranite has intruded at many places in the slates 
and phvllites in the form of veins, inducing a great deal of 
thi;rmsl-mctamorphiam in them, with the production of con¬ 
tact minerals, like andalusite, garnets, etc. A northern out¬ 
lier of the Aravalli series, rompos(>d principally of quartzites, 
with a lower stage composed of slates and limestones, forms the 
famous Ridge of the city of Delhi and some isolattnl outcrops 
in the neighbourho(xl. These constitute the Del/n series 
The Delhi series is now generally regarded as being only the 
upper member of the Arav'allis, much younger and separated 
from the lower division by an unconformity.* The upper part 
of the series, largely made up of quartzites, together with 
arkose, slates and conglomerates, is also known under 
the name of the Almr quartzite. The Alwat quartzite is a 
thin-bedded quartzose flagstone, which is in great demand 
> A. M. Heron. 
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as a buUding stone. On a stiJl further prolongation of the 
Aravalli strike to the interior of the plains of the Punjab, 
a few small stra^ling outliers of the same n)ek-series are 
discovered, composed of ferniginous quartzite and slate, 
together with a great development of rhyolitic lavas. 

These outliers constitute the low. deejily weathered hills 
known as Kirana and Sangla, lying between the Jhelnin 
and the Chenab.* 

One further outlier of tlu^ Aravalli series, but this time to ('hampancr 
the south-west extremity of its strike, is found in the vicinity 
oi Baroda on the site of the ancient city of Champaner. 

It overspreads a large area of nortln'm (Jujarat and is 
known as the Clutinpancr series^. The component r<K'ks are 
(juartzites, conglomerates, slates and limestones, all highly 
metamorphosed. A green and mottled marble of <;xquisit.(^ 
beauty is quarried from these rocks near Motipura. 

The ShUomj serien of the Assam hills is a widely develo])ed Shillimg 
group of parallel deposits consisting of a thick .series o( 
quartzites, slates and schists, with masses of granitic intrusions 
and basic interbedded trajis. The Shillong series is for the 
greater part of its e.xtent overlain liy horizontally beddinl 
cretaceous sandstones. 

•1. The North-East Area. The Dharwar system covers Bliarwar 
large connected areas in the Central Provinces and Western 
Bengal, spreading over Balaghat, Nagpur and Jabalpur iVovinces. 
districts, and over Behar, Hazaribagh and Hewah. In these 
areas it possesses a highly characteristic metalliferous facies of 
deposits which has attracted a great deal of attention lately on 
account of the ores of manganese and iron assotnated with it. 

The lithology of the Dhanvars in theseexposures is very varying, 
but each outcrop possc.sse8 a sufficient variety of its peculiar 
rock-types to reveal the identity of the .systcmi. In the Bala¬ 
ghat district, and probably some other parts of the Central 
Provinces, the local representatives of the Dharwar arc dis¬ 
tinguished as the Chilpi series, from the Chilpi Ghat, which 
comprbe a great thickness of highly disturbed slates and 
phyllites, with quartzite and basic trappean intrusions. In 
Jabalpur the outcrop is distinguished by the occurrences 

‘ /Ter. G.ia.I. vol, xliii. pt. 3, 1913. 
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of perfectly crystalline dolomitic limestones. lie fsmons 
“ marble-rocks ” * of Js^lpur in the Narbada gor^ ))el<Mig 
Msngani- to this system. In other parts of the Central Provinces and 
Sei^tiof Itewali, seme pliU'c.s in the Bombay Presidency (Pauch 
Dhsrwsr MaluiLs), etc., the ex]iosures are di.stiii|ruislied by a richly man- 
?odorite«ial ganifernua facies, containing large dc]K).sits of workable 
inangane.se-orcs, Or. b. Fcrinor has given the name Gondite 
st'rien to these rocks, becau.si‘ of their contauiing, as their 
characteristic member, a s|a-.s.sartite qnartz-rock, to which 
he has given the name of Gonilitc. (p, o.'t). Bi’sidcs speasartite, 
the rock coiitai]is many other manganese-silicates; it is the 
dwomjHBsition of thesi' manganese-silicates that has given 
rise to the imormons dejiosits of mangam‘se-orcs contained in 
the.se occiirrences of the Dharwar system. 

^dite The origin <if the (londito scries is interesting. According 
to Dr. Fermor these manganiferous rocks of the Gondite 
series have resulted from the metamorphism of .sediments 
de|a)sited during Dharwar times which were originally 
partly mechanical days and sands, and partly chemical pre¬ 
cipitates—rdiielly of manganese-oxides. The same meta- 
morphi<! agencies that have converted the former into slates, 
phyllites and ipiartzites. have altered the latter inf o crystalline 
mapiganese-oxides. wheip pure, pupd intp) a number of man- 
guipesesilicpples where the original pn’cipitate.s were mixed 
with clayey or sandy impurities. 

Dutcroips p)f the tlopidite ,si‘rie,s aie lypiciilly developed in 
the Ihvlaghat. t'hhinilwara, .-md Nagpur districts of the Central 
Provinces and a few hpcalities iip itoupbay. Ceiptral Ipidia, and 
iip Baipswura ipp Hpijppitappip, 

Koilpiritf Tlip' .sappie pputhority regap'ds the upapigpipiese-di'posits of the 
Muplras Povsiilcipcy as due tp> the alteration of a series of 
plutonic intruaion.s (belonging to the Kalioile series) into 
the liomlite rocks, which, as a conscqueppce, have incorporated 
the maipgpippese-ore bcpdies of the latter. The Kodpirite series 
Ls typically devehpped ipi the Viziappagram State of the 
Vizagapatam district of Marlras. 

' A min of .Klpiir war limestones «n<l Crela. eons tmiis diswtwt into a 
Plumber of majgnitieent dazzling white steeps, through wliieh the Xsrbmla, 
after its fall (Mumndhar). rpjns for about two miles in a defile that is bareig 
twenty yards in width. 
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of the 800,000 tons 
India is derived directly 

With tefrard to their g.. 

Dr. lermor has divided the ore bodies into three “ 

(1) Deposits connected xvUh the intrusive rock, Kodurite, a basic 
plutouc rock, possessing an except ional miueraiogical composition, 
in being unusually rich in manganese silicates like manganese- 
garnets, rhodonite, and manganese-pyroxenes and -amphiboles, 
The OTM of the Vizngapatam district have resulted from the 
meteoric altaation of these manganese-silicates, while the felspar 
has altered into masses of lithomarge and chert.; the othe,r pro¬ 
ducts being wad, ochres, etc. The ore-l>odies resulting in this 
manner are of course of extremely irregular foim and dimensions 
and the grade of the ore is low. 

(2) Deposits cotUaitied in the Ooiulile series are developed in 
the Central Provinces, Central India, I’amh Mahals, etc. As 
above described, the Gondite rocks wi'ro originally clastic sedi¬ 
ments, including precipitates of mang.incse-oxides like those of 
iron oxides enclosed in the sedimentary rocks of various ages. 
Their draaraic or regional metamorphism has givi-u rise to cry¬ 
stallised ores of manganese, like braunite, hausmanite, hollandite, 
etc. The resulting ore-bodies are large and well-bedded, following 
the strike of the enclosing rocks, indicating that they have had 
the same origin aa^thc latter. .Sometimes, as in Chhindwara and 
Nagpur, the manganese-ores are found in the oryslalline limestone 
and calc-gneisses associated with the other Dharwar rocks. In 
addition to the ores psilomelane, braunite, hollandite, the crystal¬ 
line limestone contains usually ))iedmontile (the mangancse- 
cpidote). The Gondite depo,sits yield by far the largest part 
of the economically important manganese-on'.". 

(3) Laterilic'deposits axe due to meta.soinatic surface rejdaceraent 
of Dharwar slates and schists hy m.uiganese biairing solutions. 
These ores occur in Singhbhum, .labalpiir. Bi'llarv, etc. They are 
irregular in distribution, occurring as a cap on the tmterops of the 
Dharwar rocks, as is evident from their js'culiar nature of origin. 

These ore-deposits have brought to light some new mineral 
species and beautiful crystallised varii tiiw of already recognised 
manganese minerals. They an;: VndenhurfiUc, SiUiparite ~ 
manganese and iron oxides; Hdllandite and Beldongrite are 
manganates; Winchite is a blue mangunesc-amphibolc, and 
Blanfordite a pleoehroic rnangane.se-pyroxenc; BpatulUe is a 
manganese-garnet, intermediate in comixjsition In-twecn spessartite 
and andradite; Grandite is similarly a ' hybrid ’ of grossularite 
and andradite; Alurgite is a pink-coloured manganese-mica.'] 

4. The Himalayas. Rocks belonging to this, the oldest 
sedimentary system, probably occur in a more or Icas 
‘F etenor. Mem, S.Q.l. vol. xxxrii. 1609. 
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continuous band between the central crystalline axis of the 
higher Himalayas and the outer ranges. Different exposures 
of these have received different names, according to the 
localities of their distribution. On the north of the 
crystalline axis, in the district of Spiti, the equivalents 
of the Dharwars ate known as the Vaikrila series. On the 
south of that axis there occur more extensive exposures of 
metamorphosed highly foldwl and luifossiliforous sedimentary 
rocks of dlstuictly older ago than Cambrian. A part of these 
may be regarded os Dliarwar in age, but owing to the com¬ 
plicated folding and inversions of the strata, it is not easy to 
identify the representatives of the Dhanvar from younger sedi¬ 
ments, much less to correlate and group together the widely- 
separated outcrops of these formations in the different parts 
of the Himalayas. One of the most important occurrences of 
these ancient sediments is in the neighbourhood of Simla, 
covering large tracts to its east and west, and known under 
the general name of the Simla system. The lower part of this, 
composed of slates and quartzites, is regarded as Dharwar 
in age. Similar occurrences of slates, limestones, and quart¬ 
zites resting unconformably on gneisses near Garhwal, in 
Central Himalayas, are recognised under the name of the 
Jnunsar series. In the eastern Himalayas, a series of schists 
of the same formation near Darjeeling constitutes the Baling 
.series. Among the constituent rocks of the foregoing Hima¬ 
layan series there are a few of the characteristic types of the 
Peninsular Dhanvars, by which they are distinguished as such. 

With regard to the age of the Dhanvar system, there is no 
doubt that they are far older than the Cambrian, separated 
from them by an immense interval of geological time. With 
reganl to their lower limit, they are so closely associated and 
intermixed with the Archaean gneisses at certain places that 
they leave no doubt that some of the giieisses are younger than 
some of the Dharwar schists. Prom their field-relations, and 
from the circumstance of a widespread unconformity sepa¬ 
rating the Dhanvars from all younger formations. Sir T. H. 
Holland has grouped them along with the Archaean. There 
is no parallel system of deposits comparable to the Dharwars 
in England or many parts of Europe, but the Dharwars show a 
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great degree of affinity with the Hnronian rocks of America in 
their stratigraphic position and their petrological constitution. 

[A very careful and detailed investigation lias been made in the 
great Archaean complex of South India by the Mysore State Geo¬ 
logical Department, under the direction of Dr. W. F. Smeeth. 
Dr. Smeeth has unravelled a number of successive eruptive groups 
in wbat have been hitherto described as the Archaean fundamental 
gneisses of the Peninsula, and as a result of these investigations he 
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has come to the somewhat startling couclusiou that the Dharwar 
schists are all decidedly older than the gneisses; that they arc 
not of sedimentary origin as hitherto held, but aw; all of igneous 
volcanic derivation, being in fact e.xtrernely old b.asic lava-flows 
metamorphosed into hornblcndic and chloritic schists. In thi'ir 
field-relations, the Dharwar .schists have again and again been 
observed to show a distinct intrusive contact towards the invading 
gneisses, and have been penetrated by the latter times without 
number. The characters of the schists also, according to these 
observers, point to an igneous, and not a sedimentary origin, for 
they have not been able to trace any passagi; of these phyllites or 
unaltered slates, within the territories of the Mysore State, which 
encompass an area of nearly 30,000 square miles. On the other 
hand, they show a gradual transition into epidiorites or horn¬ 
blende-rocks. Many of the Dharwar conglomerates, likewise, 
ate believed to be of crushed, atUocUulie, origin. We cannot 
pursue further this very interesting subject, for the question is 
still tnibjudice, and in course of further investigation. (Fig. 4 gives 
an idea of the nature of the association of the two rock-groups.)] 
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EconoffliMk The Dharwar system is of the greatest economic importance 
to India, being the carrier of the principal ore-deposits of the 
country, e.g. those of gold, manganese, iron, copper, tun^ten, 
lead, etc. These with their associated rocks are also rich in 
such industrially useful products as mica, corundum, etc.; 
rare valuable minerals like pitchblende and columbite, etc.; 
a few gems and semi-precious stones like the ruby, beryl, 
chrysoberyl, zircon, spinels, garnets, tourmalines, amethyst, 
rock-crystal, etc. This .system is also rich in its resources 
of building materials, e.g. granites, marbles, ornamental build¬ 
ing stones, and roofing slates. The famous marbles of which 
the best specimens of ancient Indian architecture are built 
are a product of the Dharwar system. 
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THE CUDDAPAH SYSTEM 

The closing of the Dharwar era nutst liavc witnosswl earth- r.eneral. 
movements on a very extensive scale, which folded the Dhar- 
war sediments into complicated wrinkles, creating a number 
of mountain-ranges, the most prominent among them being 
the mountain-chain of the Aravallis. No such powerful crustal 
deformation, of equal degree of magnitude, seems to have 
taken place since then in the Peninsula, since all the succeeding 
systems show less and less disturbance of the original lines of 
stratification and of their internal stnictures, till, at the end 
of the Vindhyan era, all orogenic forces utterly disappeared 
from this part of the earth. 

A vast interval of time elapsed before the next rock-system Cuddspafa 
began to be deposited, during which a great extent of Dharwar 
land, together with its mountains and plateaus, was cut down 
to the base-level by a cycle of erosion. For it is on the deeply 
denuded edges of the Dharwar rocks that t he basement strata 
of the present formation rest. This formation is knowm as 
the Cuddapab system, from the occurrence of the most typical, 
and first-studied, outcrops of these rocks in the district of 
Cuddapah in the middle of the Madras Presidency. The Cud- 
dapah is a series of formations or systems, rather than a single 
system, it being composed of a number of more or less parallel 
series or groups of ancient sedimentary strata, each of the thick¬ 
ness and proportion of a geological system by itself. They 
test with a great unconformity, at some places on the Dhatwats 
and at other places on the gneisses and schists, and themselves 
underlie with another unconformity the immediately succeed¬ 
ing Yindhyan system of Central India. 
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This system is mainly composed of much indurated and 
compacted shales, slates, quartzites, and limestones. The 
shales have acquired a slafy cleavage, but beyond that there 
is no further metamorphism into phyllites or schists ; such 
secondary minerals as mica, chlorite, andalusite, staurolite, 
garnets, etc., have not been developed in them ; nor arc the 
limestones recrystallised into marbles, as in the Dharwar rocks. 
Quartzites, which are the most common rocks of the system, 
arc metamorphosed sandstones, the metamorphism consisting 
of the introduction and deposition of secondary silica, in 
crystalline continuity with the tolled (piartz-grains of the 
original sandstone. Contemporaneous volcanic action pre¬ 
vailed on a large scale during the lower half of the system, 
the reconls of which are left in a series of bedded traps 
(lava-flows) and tuff-beds. (See Fig. 5.) Besides the above 
rocks, the Lower Ciiddapahs contain brilliantly coloured and 
banded cherts and jaM|)er.s and some interstratified iron- and 
manganese-ores, very much like those of the Dharwar system. 
In these two peculiarities, most noticeable in the lower part, 
therefore, the Lower (hiddapahs resemble the Dharwar 
system; while the upper half, in its unmctamorphos(>d 
slialcs and lime.stohes, shows a clo.se resemblance to the 
overlying Vindhyan rocks. 

On account of the absouce of any violent tectonic distur¬ 
bance of the Peninsula during later ages, the Cuddapah 
rocks have in general low angles of dip, except towards the 
Eastern coast, where they form a part of the Eastern Ghats 
(the Yellaconda range of hills), and where consequently they 
have been subjected to much plication and ovcrthnist. To 
account for the enormous thickness of the Cuddapah sediments, 
which amounts to more than 20,000 feet in the aggregate, of 
slates and quartzites, it is necessary to suppose that a slow and 
quiet submergence of the surface was in progress all through 
their deposition, which lowered the basms of sedimentation 
as fast as they were filled. 

The entire series of Cuddapah rocks are totally unfossili- 
ferous, no sign of life being met with in these vast piles of 
marine sediments. This looks quite inexplicable, since not 
only are the rocks very well fitted to contain and preserve 
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some relics of the seas in which thej' were foniied, but also all 
mechanical disturbances, which usually obliterate such relics, 
are absent from them. It cannot again be surmised that life 
had not originated in this part of the world, since in formations 
immediately subsequent to the Ciiddapalis, and in areas not 
very remote from them, wo find evidence of fossil organisms, 
which, though the earliest animals to be dlscoven'd, arc by no 
means the simplest or the mast primitive. The geological 
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record is in many resjiects imperfect, but in iiom^ more imper¬ 
fect than thi.s—its failure to register the first beginnings of life, 
by far the most important event in the history of the earth. 

The Cuddapah system is divided into two sections, on upper risBifles. 
and a lower, separated by a great unconformity. Each of^'”"' 
these divisions consists of several well-defined series, whose 
stratigraphic relations to each other, however, are not de¬ 
finitely established, and which may be (|uite parallel or homo- 
taxial to each other instead of suecessional. 


rr fNallamalai Series, Kistns .Series, Kaladgi Series, 

tapper- ■, 3400 ft. 2000 ft. 10,(K« ft. 

Vnemformity, 


rBijawar Scries, 

I Cheyair Series (10,500 ft.) and 
hmeer' Gwalior Series, with a 
Basic Volcanic Series. 

IPapaghani Series (4.500 ft). 

A large development of these rocks occurs in the type area Distributiiai 
of Cuddapah district. The outcrop is of an irregular crescent 
shape, the concave part of which faces the coast, the opposite 
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side abutting on the gneisses. Another large development of 
the same system is in the Central Provinces and in Chhatisgarh. 
A few isolated exposures occur in the intervening area, while 
to the north-west they occur on the east border of the Ara- 
vallis. A part of the zone of metamorphosed sediments lying 
to the south of the central crystalline axis of the Himalayas 
can be referred to the Cuddapah system of rocks, but they 
cannot be certainly identified as such, as in the case of the 
representative of the Dharwar and the succeeding Vindhyan. 

The Papaghani series. The lowest member of the Cuddapah 
system takes its name from the Papaghani river, a tributary 
of the Penner, in the valley of which these rocks are exposed. 
The bottom beds are sandstones, followed by shales and slates, 
with a few limestone layers in the shales. Contemporaneous 
lava-flows, with intrusions of the same magma in the form of 
dykes and sills, are common ; in the latter case, where the 
invading rock comes in contact with limestones, the latter 
are found to bo converted into marbles, serpentines, and talc. 

Tllio upper division of the Lower Cuddapah is more widely 
dovelopexl, and occurs extensively at Bijawar, Cheyair, Gwalior, 
etc. The Bijawar series is composed of cherty limestones, 
siliceous honistones and ferruginous sandstones, haematite 
beds, and quartzites, restmg unconforraably on the gneisses. 
But the most distinctive character of the Bijawar series is the 
presence in it of abundant products of contemporaneous vol¬ 
canic action—ash-beds, lava-flows and sills of a basic augite- 
andcsite of basalt, now resting as a number of interbedded 
green traps. The dykes of these lavas that have penetrated 
the older formations are supposed to be the parent-rock of 
the diamonds of India. The reputed “ Golconda ” diamonds 
were mostly derived from a conglomerate mainly composed 
of the rolled pebbles of these dykes. Wherever the andesitic 
lava of the Bijawar series is subjected to folding and com¬ 
pression, it has altered into an epidiorite. 

An exposure of very similar character, occurring in the valley 
of the Cheyair river, is known as the Cheyair series, while the 
one at Gwalior, on which the town of Gwalior stands, forms the 
Owalior series. In the latter series there is a very conspicuous 
development of ferruginous shales, jaspers, porcellanites, and 
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honutonee, associated with the andesitic or basaltic lavas of 
Bijawai. The poicellanite and lydite-like rocks appear to 
have originated from the effects of contact-metamorphism on 
argillaceous strata, while the preponderance of homstones, 
cherts and other siliceous rocks points to the presence of solfa- 
taric action, connected with the volcanic activity of the period. 
Solfataras or hot siliceous springs come into existence during 
the declining stages of volcanoes; they precipitat e large quan¬ 
tities of silica on the surface, likewise bringing about a good 
deal of sUidfication of the previously existing rocks by chemicwl 
replacement (metasomatism) in the imderlying rocks. The 
lower division of the Gwalior series, resting upon the base¬ 
ment gneiss, is known as the Par, and the upper is designated 
the Morar series. 

An outlier formed of identical rocks is seen in the valley of 
the Pranhita, and is named Pengnnga beds. It must be under¬ 
stood that the reason for giving these different local names 
to the different occurrences of what might ultimately prove 
to be the same division of the Lower Cuddapah is the uncer¬ 
tainty, which is always present in the case of unfossiliferous 
strata, of correlating them to one another in the absence of 
any positive evidence. Such an arrangement b. however, only 
provbional, and is adopted by the Geological Survey in their 
explorations of new districts till the homotaxb of the different 
exposures b clearly establbhed by more detailed work. When 
thb b done, the local names are dropped, and all the occur¬ 
rences arc designated by a common name. 

The Upper Cuddapahs rest unconformably over the rocks Th« Upper 
last described at a number of places. The most important 
development b in the type area of the Cuddapah basin, where 
it has received the name of the NaUamahi series, from the 
Ntdlamalai range of hills in which it is found. The com¬ 
ponent rocks pf the NaUamalai series are quartzites (Bairan- 
konda quartzites) at the lower part, and indurated shales and 
slates (Cumbhum slates) in the upper. In the limestone beds 
that occur intercalated with the shales there b found an ore 
of lead, galena. 

The Kaladgi series, another member of the same system, b Bie Kslsdi 
severtd thousand feet of quartzites, limestones, shales and 
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Stratigraphic 
pooition. 


brecciaR, occupying the country between Belgaum and Kaiadgi. 
Towards the west they disappear under the Deccan basalts 
of Cretaceous age. The upper part includes some haematite- 
schists, which include sometinies so much of haematite as to 
constitute a workable ore of iron. Besides the above there 
are other localities where rocks of the Upper Cuddapah horizon 
occur, viz. in the Kistna valley (the Kistm series); in the 
Godavari valley (the PaMal series, of 7500 feet of quartzites, 
slates and flinty limestone), and in Rewah. 

The economic importance of the Cuddapah rocks lies in some 
iron and niangancse-orcs, interbedded with the shales and 
slates. Other products of some use are the bright-coloured 
jaspers and cherts, which are used, when polished, in interior 
decoration and inlaid rocks, as in the old Mogul buildings. 

The stratigraphic relations of the Cuddapahs prove that they 
are far younger than the Dharwar. On the other hand, their 
thoroughly azoic nature, and the moderate degree of meta¬ 
morphism they have undergone, show that the Cuddapahs 
are older than the Vindhyan. In their lithological characters 
they show much resemblance to the pre-Cambrian Algonkian 
system of North America. In Holland’s schetne of classifica¬ 
tion, as we shall see later on, the Cuddapahs are grouped with 
the overlying Vindhvans in one large group, known as the 
Puram group. 
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CHAPTER VI 


THE VINDHYAX «Y.STE.M 

The Vindhyaii system is a vast stratified formation of sand- RxtiMitaml 
stones, shales and limestones cneompassin)' a tluckness of*'""''"''"*' 
over 14,000 feet, developed principally in the Central Indian 
highlands which form the dividing ridge Iw'tween Hindustan 
proper and the Deccan, known as the Vindhya mountains. 

They occupy a largo extent of the countr}' a stretch of over 
40,000 square miles—from Sasarain and Rhotas in Western 
Behar to Chitorgarh on the Aravallis, with tin! exception of 
a central tract in Bundelkhand. The outcrop has its maximum 
breadth in the country between Agra ami Neemuch. 

The Vindhyan system is eom])osed of two distinct facies of Rw'ks. 
dejiosits, one calcareous and argillaceous, characteristically 
developed in the lower part, and the other almost ex¬ 
clusively arenaceous, forTtiing the upiwr system. The shale, 
limestone and sandstone strata show very little structural 
displacement or disturbance of their primeval characters; 
they have preserved almost their original horixontality 
of deposition over wide areas ; t lie rocks show no evidence 
of metaraorphism, as one is led to expect from their 
extreme age, beyond induration or compacting. The shali!.s 
have not developed cleavage nor have the limestones 
undergone any degree of crystallisation. The only locality Sinictural 
where the Vindhyan strata show any marked structural * 
disturbance is along the south-east tnlgcof the Aravalli country, 
where they have been affected by folding and overthrust due 
to the crust-movements which succeeded their deposition, 
and their internal mineral structiu'c considerably altered, 
especially in the case of the freestones which have become 
quartzites. The epeitogenic upheaval which lifted up the 
■7 
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tioil. 


Viudliyan (l«])<)sits liom the lloDr of tin* sea to form a conti¬ 
nental land-area was the last Moions eaitli-incnement recorded 
m the historv of the I'eniiisiila. no othm disturbance of a 
similar nature haviiic ever atl'eeti'd its -tahilitv as a landmass 
diiriiif; the lone series of oeoh/oii al ar'es that we havi' vet to 
revii'W. The I’eiiinsnhi has n-maineil an impassira^ solid 
hloek of the lithos|j|iere. misi|si'e|itilile to anv foldino or 
pliealion, and oni\' alleited at its frinees bv slieht niove- 
liieiits of secidar ii|ihea\al and depi'i'ssion. 

rill’ \indhyan s.indstones throuehoiil th<'ir thiekness yL'e 
evidence o| shallow-water de]io'iiioM m tie'll’ oft-reeurrine 
ri|i|i|e marked and son eraeked siirfaees, and in their eon- 
sjiicUoiiH eiirrent liendim,' or diagonal lamination, eharaeters 
which jioint to the shallow aeitateil w.ttei of the coast, and 
the const ant ly chanr'ine vclocii v and direi-t ion of its currents. 

I'iXcept lor a lew obscure tiacc- of animal ;md r'eeetjdtie life 
occasionallv discernible in the Vindliyaii systinn. this vast 
pile of .sandstones, shales ami limestone.s is characterised by 
tm almost total iibsencc ol ri'cooiii-able organic remains. The 

onlv animal fossils that have I.. hitlieiio di-covered in tln'.se 

rocks are a lew disi's the icm.iii.s o| some chitiiions oremiisms. 
embediled m the lower part of tl.c I’.hainlcr series, lint the 
•specimens are loo imperfectly picserved, and of micerlain 
zoological allinilics. to permn of their specilic deti'rmination. 
Fill-dill markings, beloneinL' to indtstineuishable tlmlloiihi/lu- 
]'hiiils. are nsiiallv seen on the ripph' marked and .sun-i-raeked 
surfm i'S of sandstones and shale-. 

The N'indhvaii svsiem falls into two cattiral divisions, which, 
Ihoiioh of verv mii'i|ual pioportions. ha\'c been determined 
bv important physical coiisidcral ion-. Thev ao' .separable 
a.s much bv an maonfotinable junction bclwven the two 
divisions its bv the shaip litlioloeical contra.st between 
them. 

The dilVercm e in pclrolooii al i haraclers denotes a fnnda- 
mental ililTercnce of physical ocooraplo . viz. the prevalence 
of a deep svti durino the earlier historr of the formation, and 
it.s shaliitwin.tr at the lime when the upper part of the svstein 
was depositeil. A ofeal clianye must have taken place .simrrl- 
taneou,s|y in the armis which furnished the sediments. 
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\ndhyan 


ir Bhander B^datonc. 
Bhander. ISirbu shiUeB. 

"j Lower Bhander sanAstone. 
(.Bhauder limeetonc. 
Conglomerate-bed. 

(Upper Rewah sandstone. 
I.Jniri shales. 

Reujah. (I/)wer Rewah sandstone. 

' I'aima shales. 
Conglomerate-lx'd. 

j Upiier Kaimur sandstone. 
Kaimur. (Ksiinur eonglonierab-. 

1 Bijaigarh shalivs. 

' U)\ver Kaimur sandsljine. 


Unconformity .. 


( Kurimol Brrirfi. j 

Bhima Serieg, Liniestoiws and ealeaieous shales, 
etc. I 

Viyidhyav. j uf rynlUes unit tiiifn. 

1 Granite bosses of Jalor and Siv.ana. 


The most typical, and at the same (iinc t he moat conspicuous, DirtribuBon 
development of the system i,s along lli<‘ groat .scries of escarp- 
inents of the Vindhyan range, from tvliich the system takes Vindhyan. 
its name. The lower division is well displayed in the. Son 
valley, in Chhatisgarh and in the valhw of the Bhima. At the 
latter, locality they constitute the lihiiwi nerie.i, comjmsed of 
quartzites and grits in the lower part and shales and limestones 
of varying colours in the upper. Besting unconformably 
over the Cuddapah system, in the clistriet of h.urnool, 
there is a large outcrop of Lower Vindhyan rocks, about 
1200 feet in thickness, known undiir the name of the 
Kurnool series (Fig. 5). The Kurnool series is interesting, 
as it contains at the base a group of sandstones, some 
bands of which are dinnwndiferutis. These lieds, known as 
the BanagemapaUi beds, consist ol coarse, earthy felspathic 
ot ferruginous sandstones of a dark colour. North of the 
Narbada, the Lower Vindhyans arc very well exposed in 
the Dhat forest area. The Sullavai sandstones of the Goda¬ 
vari valley are a group of Lower Vindhyan sandstones and 
qiiuiitiBtes testing unconformably on the Pakhal quartzites, 
oompoairion of idl these occurrences shows local variations 
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in the rock-types, but in the main conforms to the argillaceous 
and calcareous nature of the system. Some of the lime¬ 
stones show a concretionary structure, the concentric layers 
exhibiting different colours and giving to the polished rock a 
beautiful marble-like apis'arancc. The limestones of the Lower 
Vindhyan formation are extensively drawn upon for burning 
a.s well as for building purposes. The Rohtas limestone of the 
Slialiabad district is especially valuable for lime and cement 
manufacture, and is largely ([uarried. 

'I’lie Lower Vindhyan rocks of Western Rajputaua deserve 
special notice. They show there a very much altered facies, 
being com|)osed of a group of rhyolitic lavas with abundant 
pyroclastif^ material, resting unconformably on the Aravalli 
The MMani scliLsts. This Volcanic scries is known as the Malani series, 
seiicK from the Stale of that name (near Jodhpur in Marwar). The 
Malani rhyolites cover many thousands of .square miles around 
Jo<lhpur. They arc partly glassy, much devitrified, amygda- 
loidal lavas largely intcrstratified with tuffs and volcanic 
breccia. The lavas vary in acidity from rhyolites to quartz- 
andesites. In the majority of cases they have undergone .such 
an amount of devitrilication that they apjH'ar almost as felsite, 
the ghussy ground-mass having completely disappeared. An 
outcrop of the Malani series composed of felsitic rhyolites and 
tufls occurs, remote from the Aravallis, in the plains of Northern 
India, in the 8angla hill in the runjab, a small highly eroded 
outlier of the Aravalli chain.* 

Connected with these. lava-Hows, as their subterranean plu- 
tonic roots or magma-reservoirs which supplied the materials of 
the eniptions, are basses of granite, laid bare by denudation, 
in some parts of Rajputaua. Two varieties of granite are 
recognised in them—one, hornblende-biotitc-granite (Jahr 
granite), and the other, hornblende-granite {Simna granite). 
The latter boss shows distinctly intrusive relations to both 


Meaning of 
“ Lower " 
and 

•• Upper ” 
Vindhyan. 


the Malani series and the Aravalli schists; it rises to a height 
of nearly 3000 feet above sea-level. 

The Lower Vmdhyau is separated from the upper by a very 
pronounced imconformity. This signifies that earth-move¬ 
ments supervened after the deposition of the Lower Vindhyan 
■ Her. O.S.I. vol. xliii. pt. 3,1913. 
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getlimeuts which elevated them into land and put a stop to 
fnrther sedimentation in these areas. When, after re-suh- 
mergence, deposition was renewed, an interval of lime liad 
elapsed, during which the former set of conditions (lisapja-ared, 
and the mountains and highlands which yielded the detritus 
changed completely. Such earth-movements, causing ces.sa- 
tion of deposition in a particular area, with a change in 
the physical conditions, arc at the root cf slraligrapliic 
divisions. Smaller and more local breaks in the continuity 
of the Upper Vindhyan succession have led to its further 
sub-division into serks and stages. While profoundi'r changes, 
accompanied by more pronounced alterations of land and 
sea, affcctmg the inter-continental nt\d inter-.sea migrations 
of life inhabiting them, determine the limit between sgstem 
and system. 

In their type-area, north of the Narbmla, the l’p])er trpiier 
Vindhyan sandstones consist of three well-niarkwl divisions'""*''''®”- 
(series); 


( I’piKT BliaixltT sandutoiH*. 
Sirliu shales. 

ammitT rMTien • I/)wer Hlmiider KaiKlHtoiu*. 

I lilmnder litne.sUjiie. 
HJamirgarh 


J)iamondiferou.s 


RtmiU Serie.s 


jl’piior Uewah KrtiulHlujie. 
I Jhiri .shnh^. 

[Lower Kewah saiidsUjnu. 
'I'anna shalen. 


Diainondiferous li<‘ds. 

/rpper Kaiiimr fwiridHtone. 
„ . , , I Kainmr conglomerate. 

Aaimar ,Vrie.s ■ - j mjaij-arh shales. 

I Lower Knimur snmistone. 


The East India Railway from Kaini to Allahabad runs 
through the heart of the Vindhyan country and thence up to 
Dehri-on-Son, passes along its north-easleni margin, without 
ever leaving sight of the outcrops of horizontally bedded red 
or buff santoones. Another Vindhyan provmce lies in Cen¬ 
tral India, and on the eastern borders of the Aravalli chain. 
This country is also crossed by the railway from .laira Patan 
to Bharatpore, which almost constantly keeps within sight 
w.o.i. r 



82, GEOLOGY OF INDIA 

of, or actually meets, a series of illustrative outcrops of the 
system. 

The junction of the Upper Vindhyans with the older rocks 
of the Aravallis, at their north-west extremity, reveals an 
extremely long fault of great throw, which has brought the 
undisturbed, almost horizontal strata of the Vindhyan sand¬ 
stone in contact with the highly folded and foliated schists 
of the Aravallis. This great fault follows the course of the 
river Chambal and can be traced from the S.E. limit of the 
outcrop as for north as Agra. It is probable that this junction 
is not of the nature of an ordinary fracture or dislocation, but 
D)srks the original Hunt oj deposition of the younger Vindhyan 



4. Vindhyan (Kolmur) sandstom'. 

:i. Kalmur conslomerattv 
2. <!waUnrs«rk'8 (Par sandstone). 

1. Huiulclkhand 

sandstone against the foot of the Aravallis, which was 
modified subsequently by faulting and thrusting. The fault, 
therefore, is of the nature of a “ Boundary Fault,” which 
recalls the much better known case of the junction ot the 
younger to the older Tertiaries of the Himalayas. (See 
Siwalik System, Chapter XX. p. 233.) 

Sandstones are by far the most common rocks throughout 
this division with the exception of the lower Bhander stage, 
which is for the greater part calcareous. The sandstones 
are of a uniformly fine grain, preserving their uniformity of 
texture and composition unchanged for long distances. The 
colours are. variegated shades of red, yellow or buff, or grev, 
while they are often mottled or speckled owing to the variable 
dissemination of the colouring matter, or to its removal by 
deoxidation. The Kaimur as well as the Bhander sandstone 
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k a fine-textured, soft, easily workable stone of a deep rod 
tint, passing now and then into softer shades of great beauty. 

These sandstones are available for easy quarrying in any 
quantity in all the localities mentioned. No other rock- 
formation of India possesses such an assemblage of characters, 
rendering it so eminently suitable for building or architectural 
works. When thinly stratified, the rock yields flags and slabs 
for paving and roofing purposes; when the bedding is coarse, 
the rock is of the nature of frcc.stone, and largo blocks and 
columns can be cut out of it for use in a number of building 
and architectural appliances.* 

Shales are sparsely developed in the l.’ppcr Vindhyan divi¬ 
sion, and are of local occurrence only. They are often car¬ 
bonaceous. At other times they are siliceous or calcareous. 

They are distinguished under various names, such as Bijaigarh 
shale, Panna shale, Jhiri shale, etc., from their localitha. 

The Upper Vindhyans are remarkahle for their enclosing 
two diamond-bearing horizons of strata, one lying between 
the Kaimur and the Rewah series, the other between the latter 
and the Bhander series. The hbtorically famous Panna and 
the (so-called) Golconda diamonds were, miiiwl from these 
beds, from one or two small productive patches. The 
country-rock is a conglomerate containing water-worn pebbles 
of older rocks, among which are, pebbles of the Bijawar 
andesite already alluded to, which is conjectured to bo the 
original matrix in which the diamonds hail crystallised. The 
Vindhyan system is not possessed of any metalliferous dei^its, EoonomlM. 
but is rich in resources of building materials, which furnish an 
unlimited measure of excellent and durable freestones, flag¬ 
stones, ornamental stones, and large quantities of limestones 
for the manufacture of lime and cements. The Bhander 
stage has yielded materials for the building of some of the 
finest specimens of Indian architecture. The economic 
aspect* of the Vindhyan rocks are dealt with in the chapter 
on Economic Geology. 

The extra-peninsular representatives of the Vindhyans are 
surmised to be largely developed in the belt of unfossiliferoua 
sedimentary rocks that lies b^ween the crystalline rocks of 
‘ See Chapter XXVL—Building Stonce. 
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the Central and the younger rocks of the Outer Himalayas. 
They arc designated by various names in the different parts 
of the mountains. Near Peshawar they form a large outcrop 
(the Attack series), of dark slates, with a few limestones and 
sandstones here and there jKOTieated with trappean intru¬ 
sions ; in Hazara also there is a large outcrop of black 
unfossilifcrous slates. In the Simla area the Vindhyan 
horizon is probably recognised in a thick series of black, 
carbonaceous shales, limestones and quartzites, which have 
been classified into three divisions-- in the a.scending order, 
the Blaini series, the Infra-Krol and the Krol serm. The 
first-named series contains along with the other components 
a boulder-bed in which rounded and angular boulders, 
some of them “facetted” and striated by ice-erosion, 
are embedded in a matrix of fine slate. The boulders 
suggest the agency of floating ice, which dropped them 
while the material of the slate was being deposited. 
Overlying it is a thick aeries of carbonaceous slates—the 
Infra-Krol series. This in turn is overlaid by limestones and 
quartzites (Krol .series), eonsjncuous on the mountains around 
Simla. North of Chakrata, rocks of this age, forming the 
peak of Deoban, are known as the Deoban series. They 
consist of extremely compa(;t grey dolomite and limestones 
with cherty concretions. Near Darjeeling they constitute 
the Baxa series of quartzites, slates and dolomites. All these 
Vindhyan rw-ks of the Himalayas are distinguished from the 
Vindhyan of the Peninsula by the scanty development in 
them of the arenaceous facies and the predominance of lime¬ 
stones and shales; also, as is quite obvious, they are much 
folded, compressed and inverted by being involved in the 
severe flexures of the mountains. 

ThorcUitinn It is the belief of the Indian Geological Survey, first pro- 
Hi^slByitn mulgated by Sir T. H. Holland, that these old unfossiliferous 
nnfoMiii- formations developed on the south of the central Himalayan 
ay^ms axis, representing the Dharwar, Cuddapah and Vindhyan 
^ systems of the Peninsula, are only the northern outliers or 
Purana-s prolongations of the respective Peninsular systems, which 
were once continuous and connected before the Himalayan 
area became demarcated from the Penmsula by the upheaval 



THE VINDHYAN SYSTEM 


85 

of the Himalayan chain and the concomitant formation of 
the deep Indo-Gangetic depression. During these move 
ments the extra-Peninsnlar extensims of the Dharwar, Oudda- 
pah and Vindliyan systems were eauglit up in the Himalitvan 
system of flexures, wliile tlieir “ Penin.sular (mngeners " were 
left undisturbed. The belief ree«'ive,s strong eonlirmation 
from the fact that on the northern side of the central axis, 
viz. the Tibetan, there is an altogether different ae(iuenee of 
strata from that occurring on the Indian side, b(!ing composiHl 
of marine fossiliferous sediments of almost (iverv geological 
age from the Cambrian to the Eocene. This total difference 
in the facies of the deposits of the two sides of the chain 
suggests the prevalence of altogetlie.r different physical and 
geographical conditions in them, and indi<ates that the 
two areas (Tibet and India) weri' from thi‘ earliest times 
separate ami underwent an altogi'ther different geological 
history. 

With regard to the homotaxis of the Vindliyan system Hemotnxis. 
there exists some difference of o|)inion. h'roin its lithological 
agreement with the fassiliferous Canibrian of the Salt-Range, 

Mr. Vredenburg of the Indian tleological Survey has con¬ 
sidered them to be Cambrian in age. Sir T. If. Holland, 
however, regards all the iinfossiliferous Peninsular forma¬ 
tions resting above the Archaean-Dharwar (simplex as jire- 
Cambrian, occupying much the same jiosition a,s the Torridon 
sandstone of Scotland, overlying the bewisian gneisses, and 
groups them in his Pummi fironji. The Parana group of t his 
eminent author includes the unmetamorphosed but more or 
leas disturbed and folded roek-system that intervene.s between 
the crystalline Archaean and the fossiliferous younger systems 
of the Peninsula. The Purana group thus forms a sort of 
transition between the foliated and the highly metamorphosed 
Dharwar and Archaean gneisses and the fossiliferous 
Palaeozoic strata. They include the major part of what, in 
the early davs of Indian geology, was called the Tratmlion 
System. 

We have seen in Chapter IV. that the same author has 
linked the Dhanvar with the Archaean system, recognising, 
in the uiieonformitv that separates the former from the 
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Furanas, a far wider significance and more extensive lapse of 
time than in that which separates the Archaean from the 
Dharwars. 

The following table shows in outline Holland’s scheme of 
classification of the Indian formations. His classification of 
the jwst-Purana systems is based upon the recognition of the 
two most profound breaks in the continuity of that series of 
deposits. These breaks or “ lost intervals ” have a funda¬ 
mental meaning in the geological history of India; they denote 
periods of great crust-movements, and mark the commence¬ 
ment of new areas of life and sedimentation. The first break 
was subsequent to the Vindhyans, and is universally observed 
in both the Peninsula and the extra-Peninsula. The other 
is a somewhat less pronouneed break at the base of the Permian 
in the extra-Peninsula. In all the other areas of India, the 
post-Vindhyan break is the most momentous and universal, 
and comprehends a long cycle of unchronicled ages from the 
Vindhyan to the Permo-Carboniferous. 


FoBsiliferoui). 


lieceiit 

t 

Produclus Series mid Takhir 
Series {Permian). Aryan. 


Palaeozoic uncon¬ 
formity. 


PoSeries MId Carfioniferom). 

I ; Dravidian. 

Haimanki System (Cambrian). 


Post-Vindhyan break. 


TJnfossiliferous. •, 


i ' Vindhyan System 
t „ 

Cuddapah System. 


Parana. 

Eparchaean 

Unconformity. 


I Dharwar System 
and 

Archaean System. 


Archaean. 
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CirAPTKH VII 

THE CAMBRIAX BYSTEM 

Thn Marine fosHilifetous rwks ot Cambrian agn arc found in 
inditt”"" Hcrics of strata at two places in the extra-Peuinsula, 

each of which deserves a sejiarate description. The first and 
tlic mast easily acce.ssible locality is the Salt-Kange in the 
north-west Punjab ; the other is the. remote district of Spiti 
in the northern Himalayas, in the province of Kumaon, lying 
north of the Simla mountains, bi^yond the crv.stalline axis of 
the Himalayas. These rocks contain well-preserved fossils, 
and hence their age is no longer a matter of conjecture or 
byijothesis, as was the case with the Peninsular formation 
hitherto dealt with. 

The Suit- [The Salt-Uanee is the most important locality in India, 
Rant!''- for the study of physical as well as stratigraphical geology. 

Since very early times it has attracted the attention of geolo¬ 
gists, not only becaimc it contains a very large portion of the 
fossiliferous .stratified record of the Indian region, but because of 
tho cijsily acce.ssible nature of the defiosits and the clearness with 
which the various geological formations are exposed in its hills. 
Hesides the stratigraphical and palaeontological interc.st, there is 
inscribed in its barren cliffs and dried gullies such a wealth of 
geo-dynamical and tectonic illustrations, that this imposing line 
of hills can fitly be called a field-museum of geology. The Salt- 
Uange is a continuous range of low, flat-topped mountains rising 
abruptly out of the Hat Punjab jilains. The range extends, from 
long. 71° E. to 71° with an approximately easl-we.st strike, from 
the Jheluni we.stwards, through the Indus, to a long distance 
beyond it, undergomg where it crosses the Indus a deep bend of 
the strike to the south-west. In all essential structural strati¬ 
graphical as well as physiographic features the Salt-Itange offers 
a striking contrast to the north-western portion of the Himalayas, 
which rise hardly fifty miles to north of it. The two mountain- 
ranges thus belong to a different orographic system altogether. 
The prominent structural peculiarity of the Salt-Range is the more 
88 
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or less level plateau-top, ending abruptly on the one side in a lone 
lino of steep escarpments and cliffs overlooking the Punjiili, and 
on the other northern side inclining gently towards and merging 
into the high Potwar plains, which lie' hetween .Iheltim and 
Rawalpindi. The general dip of the strata is to the north direc¬ 
tion, from one end of the range to the other. Thus, it is on the 
north border that the youngest Tertiary rocks of thi' monntains 
are seen, inclining away from the steep escaipnient. while it is in 
these steep escaiyments that the oldc.st Palaeozoic formations are 
exposed. The line of high precipitoiis dills is intersected by a 
number of deep gullies and ravines, some of tln ni deservnn; the 
name of canons, affordinu the clearest sections, which distinctiv 
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reveal the inner architecture of (he ranye. as well as ail the details 
of its stratigraphy. There is no vegetation, or any covering of 
decomposed rock or soil to hide the slightest detail of these 
sections. Extensive hea)).s of talus or aerei'-d<.po,-lts arc seen all 
along the southern foot of the range at the base of the bold bare 
cliffs. 

The entire length of the range is faulted in a most characteristic 
fashion by a number of transverse dip-faults into well-marked 
blocks (block-structure). (Fig. 7.) The.se clean-mit faulti-d blocks 
arc so conspicuous to one who baiks at the rafigc from the plains, 
that they can be separated out, and the main elements of their 
composition recognised from great distances. At many places the 
faults are of the reversed type, sometimes intensified into thrust- 
planes, which have introduced a gieat deal of complication into 
the structure and stratigraphy of the aiea. (See Figs. 7, S, 12 
and 21.) 
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The name SaJt-Eange is aptly derived from the cfrcumstanco 
that its lowest, bottom rock contains large beds or lenses of pure 
common salt, all throughout its extent. In this way an immense 
quantity of rock-salt is embedded and available for extraction 
in ail parts of these mountains.] 

Ran^*** At the eastern extremity of the Salt-Range a thick stratified 
C'amf»isn. ssries of rocks occurs in a conformable sequence. They are 
sub-divided into the following groups in the order of super¬ 
position (Fig. 7): 


Salt-pieuilnmftrph shales : 
460 ft. 

Magwsinn-sandsione : 
250 ft. 


I Bright red or green flaggy argillaceous 
1 beds, with cubic clay pseudomorphs 
( of salt-crystals. 

(Laiuinated white or cream-coloured 
I sandstones, often dolomitic. 


NeMm shales ; ('‘■'P of.dark-coloure-d shales containing 

jQy f. I hrachiopods, tnlobitc gastropods, 

■ 1 etc. 


Purple aiiiielslone ; 
450 ft. 


I Red or purple sandstones with few beds 
I of shale. 


SaU-marl : 
li)00 ft. ? 


j Loose red earth or marl containing 
abundant gyiwum and salt; unstrati- 
1 tied. 


^“j‘‘Sslt. The lowest, salt-marl, is a curious earthy or clayey deposit 
called “ Marl ” because of its containing carbonates of lime 
and magnesia, and “Salt-Marl” because of the existence 
within it of thick beds and lenses of nearly pure common salt, 
sodium chloride. It is a loose earthy formation, of a brick-red 
colour, containing abundant gypsum in beds and irregular 
masses and some dolomite in layers and fragments. The 
whole formation is quite exceptional in not showing any trace 
of stratification either in the marl itself or in the contained 
gj'psura ; its base is not seen and its top shows quite anomalous 
relations to the overlying strata. 

Near Khewra, the accumulation of gypsum and rock-salt 
is on a large scale. At the Mayo Salt-Mines, at Khewra, there 
is a mass oi nearly pure crystalline salt of a light pink colour, 
interbedded with some seams of impure red earthy salt (Kedar), 
of tbe total thickness of 300 feet. Above this is another bed 
of the thickness of 250 feet. The upper deposit is not so pure 
as the lower, because of its containing more intercalations of 
Kalar and other dissolved salts, viz. calcium sulphate and 
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magnesium, potassium and 
calcium chloride, in greater 
proportions. The lateral 
extension of the salt-beds 
appears to be very great, 
amounting to several square 
miles in area, and thus the 
total quantity of this highly 
useful mineral, at Khewra 
alone, is believed to be prac¬ 
tically inexhaustible. To 
this must be added the huge 
lenses and pockets of salt 
contained in the red marl 
at other parts of the range, 
and worked in several 
smaller mines. The associ¬ 
ated gypsum is also in large 
masses; it shows much 
variation in purity and in 
degree of its hydration. At 
times it passes , into an¬ 
hydrite by dehydration. It 
shows an irregular bedding 
or lamination, but it pos¬ 
sesses no definite relations 
to the salt-beds, as a rule 
overlying them, but often 
occurring below them as 
well. 

[The ORIGIN of salt-marl is 
not known with certainty. 
The entire, at any rate ap¬ 
parent, absence of stratifica¬ 
tion in such an earthy deposit, 
its peculiar composition, its 
anomalous relations to the 
overlying strata, the enor¬ 
mous quantity of its enclosed 
salt, Aich could remain un- 
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dissolved by the underground percolating viratcr for such long 
ages, and the irregularly disseminated gypsum, with its associated 
dolomite all these considerations negative the idea of the salt- 
marl being a sedimentary dejmsit as such. A far different origin 
has been ascribed to it. It lias been held by many geologists 
since Oldham that the entire salt-marl deposit is due to the 
therrno-metumor[)hism of some previously c.visting formation of 
unknown oomposition, by some hypogene agent giving off vapours 
of hydrochloric and sulphuric acids. Dr. R. D. Oldham has said, 
" It is not a hy|)ogenc rock, intriwive in its present position, 
nor is it a sedimentary rock formed superficially as such with its 
associated gypsum and salt, but is due to (he alteration of pre- 
c.\isting sediments whose exiug. composition is unknown, by the 
subterraneous action of acid vajiours and solutions.” The salt 
and gypsum, therefore, are Udieved to be due to the alteration 
induced by a subdued or modified volcanic agency of a much later 
date than the original rock-material whose metaniorphism has 
giviui rise to them. 

Of late, however, attempts have been made to prove that the 
apjiarent infra-(’aml)rian |H)sition of the .salt-marl is not its normal 
stratigraiihical position, but that the salt, together with its asso¬ 
ciated strata, is of Eocene age, and its |)res(uit position is brought 
about by an overthnist, or reversed fault, which has thrust the 
very much younger Tertiary rocks imderneath the Cambrian 
strata, iH-ginning with the imrple sandstone. The structure of 
the range is one of extensive faulting, as already mentioned, often 
of the overthrust type, ami this interpretation appears probable, 
es|iecially in view' of the fact that another enormous outcrop of 
salt of a like character occurs at Kohat, only a few miles distant 
from the Salt-Range, whose geological age is inferred as Tertiary' 
on more satisfactory evidence (pagegl.l). 

.\n ingenious attempt has been made by Dr. Christie, of the 
Indian Geological Survey to ascribe an ordinaiy sedimentary origin 
to the salt and gypsum. He is of the opinii’m that the salt and 
gy I>sum art' due to the evaporation of sea-water in inland or enclosed 
basins which were intermittently cut off from the main ocean 
by barriers. The red saline earth or Kalar-,seams are held to 
indicate the last stage of the desieeation of tin' .sea-bed; the 
occurrence of potassium-salts mentioned la-low, just underneath 
the latter, is pointed to as a further evidence in support of the 
evaporation theory; for, in a sea-basin undergoing desiccation, 
the salts of irotassium are the last to be i>recipitated, after nearlv 
98 per cent, of the water has evaporated. It is argued that 
the stratification-planes which were originally present, both in 
the enclosing marl and in the salt, have been obliterated subse¬ 
quently by superficial agencies as well as by the effects of 
compression and earth-movements on a soft plastic substance 
like the marl. The latter circumstance also accounts for the 
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marl and gypsum having squeezed themselves into the overlying 
purple sandstone, and the highly unconformablc junction-j)!ane 
between the two.'] 

The economic importance of the salt deposits is great, lus Enonoraic*. 
they produce about 130,000 tons of salt ]x'r year. i5e.si(le8 
the chloride of sodium, there are found other salts, of use in 
agriculture and industries. Of the latter the salts of Potmium 
(Sylvite, Kainite, Blodite and Langheinite), which occur in 
seams underlying beds of red eartliy salts (Kalar), are the most 
important. Magnesium salts are Epsomite, Kieserito and 
tllanberite. 

Overlying the salt-marl, but in a most irregular and uncon- ’nii'irarglc' 
formable manner, are a series of purple or red-coloured sand- 
stones. The junetion-plane between the two .series of strata 
is so discordant that the marl a])pears to have intruded itself 
into the lower beds of the purple sandstone. The ))ur])le 
sandstone is a red or purple-coloun'd series of sandstone-beds. 

It is a shallow-water deposit, as can be seen from tin' fretptem'y 
of oblique lamination, ripple-marks and sun-cracks, and such 
surface-marks as rain-jtrinis, worm-burrows, fucoid im¬ 
pressions, etc. The lower beds arc argillaceotis, gradually 
becoming more arenaceous at the top. Worm-tracts and 
fucoid marks arc the only signs of life in these rwks. 

This stage is succeeded by the mo.st important Insls of the jvogwju* 
system, a group of dark micaceous shale,s wit h white dolomitic 
layers, known as the Neobolus beds, from their containing the 
fossil brachiopod Needwlus. Other fossils are Uiscinolejris, 
Schizopholis, Ltkhmima, Lingulo, Orths, ConocejdvMeji, 

Sedlichia (a trilobitc resembling Okiiellus) and the doubtiul 
mollusc, Eyolithes. The brachiojsxls and trilobites resemble 
those of the Cambrian of Europ<', and hence the Neobolus 
beds stamp the whole connected series of deposits as 
Cambrian. This division of the Cambrian of the Salt- 
Range is well displayed in the hill surmounted by the old 
Ehussak fortress in the neighbourhood of Khewra. 

Overlying the Neobolus b^s is the magnesian sandstone Mwienlan 
stage, a sandstone whose matrix is dolomitic, and imparts to 
the rock its white or cream colour. There are also some beds 

‘ Ba. vol. sliv. pi. 4, 1!I14. 
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. of dolomite, among which are a few oolitic or pisolitic bands. 
Some of the beds in this group are very finely laminated. 
Sometimes a hundred laminae can be counted in the thickness 
of an inch. When showing oblique lamination and minor 
faulting in hand-specimens, they form prize specimens in a 
student’s collection. The only fossil contained in these rocks 
is Stenotheca, a lower Cambrian mollusc, besides a few unrecog¬ 
nisable fucoid and annelid markings. 

Sali-p»ii<lo- The Salt-pseudomorph shales are bright red and variegated 
morph shales. thin-bedded sandstones. The name of the group 

is derived from the numerous pseudomorphic casts of crystals 
of rock-salt very prominently seen on the shale-partings. It 
is evident that these strata were fornicd on a gently shelving 
shore which was laid bare at each retreating tide. In the 
pools of salt-water left on the bare beach crystals of salt 
would be formed by evaporation, which would be covered 
up by the sediments brought by the ne.\t tide. The cavities 
left by their subsequent dissolution would he filled up by 
infiltrated clay. 

THE CAMBRIAN OF SPITI 

In the Spiti valley ‘ lying amid the north-eastern ranges of 
the Kangra district, and in some adjoining parts of the Central 
Himalayas, a very complete sequence of fossiliferous Palaeozoic 
and Mesozoic strata is laid bare, in which representatives of 
all the geological systems, from Cambrian to Eocene, have 
been worked out in detail by a number of great geologists. 

The Spiti area, the classic ground of Indian geology, which 
will recur often in the following pages, is in general a broad 
synclinal basin (a Oeosyndine) which contauis the stratified 
deposits of the old Himalayan sea representative of the ages 
during which it occupied the northern Himalayas and Tibet, 

The axis of the syncline is north-west-south-east, in con¬ 
formity with the trfnd of the Himalayas. The youngest 
Mesozoic formations are, obviously, exposed in the central 
part of the basin, while the successively older ones are laid 

‘The Spiti river is a tributary of the river Sutlej, miming N.W..S.E. in 
a tract of mountains which form the boundary between N.E. Punjab and 
Tibet. (Ut. 32" 10' N., Long. 78" E.) 
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bare on the flanks, the oldest, Cambrian, being the outermost, 
i.e. towards the Punjab. The dip of the latter formntioiis k 
northerly in the main, i.e. towards the interior. .^Vll tluwe 
formations are fossiliferous, the fossils being the means of a 
very precise correlation of these systems with those of Eun)pe, 

The student should consult Dr. Hayden’s Menwir on the Geo¬ 
logy of Sfiti.'- Hayden’s researches have contributi-d a great 
deal in elucidating the geology of this region—esix'cially its 
Palaeozoic geology. 

The Cambrian of Spiti rests over the highly nietaniorphusi’d TlieCambrisa 
pre-Cambrian series of schists (the Vaikrita .series), which in 
tuni are underlam by the Archaean gneisst's. They are a 
great thickness of highly folded and disturbed sc'dimentary 

strata comprising the whole of the Cambrian system.Iswer. 

Middle and Upper: The system h.is been named Ihtiiimtilo, 
from its occurrence in high snow-cupix'd js'aks. The com¬ 
ponent rocks are prhicipally siliceous and argilhu’cous rocks 
such as slates and quartzites; the latter occupy the base, 
followed by red and black slates, with much enclosed haematite 
in the former and carbonaceous matter in the latter. At 
the top are again siliceous slates and shales interbedded with 
dolomite. The upper portion of the group, constituting a 
thickness of some 1200 feet, is fossiliferous. A fairly abundant (’ambrisa 
Cambrian faima ha.s been discovered in them, of wirich 
trilobites, form the chief element. The following are the 
leading genera: Olenu.i, Agno.ilus, Mkmliiens, Plyckoisirui 
(many species) and Dicellocephdm. Among the other fossils 
are the brachiopods LingukUa, OMm and Obolelh. and a 
few crinoids and gastropods {BeUeruphon). The species of 
the above-named genera of fossils show clear affinities with 
the European Cambrian forms. 

The most complete development of these strata is exposed 
in the valley of the Parahio, a tributary of the Spiti river. 

(See Fig. 9, p. 99.) 

Some conglomerate lavers among the sjates are of interest Autocl»«Uc 
because of their uncommon mode of origin. They are not 
ordinary clastic conglomerates of sedimentary derivation, 
but, according to Dr. Hayden, they arc of “ autoclastic ” 

*Vol. xxxvi pt. I, 1909. 
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origin, i.e. they are produced by the crushbg of veins of 
quartz into more or less rounded fragments or lenticels 
scattered in a fine-grained micaceous matrix, representing 
the original material of tlu! veins. 
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CHAPTKll VIII 

TIIK SILl'KIAX, DKVOXIAX AXl) l,()\VKIt (\\ItBOX1- 
FKKDl'S SY.STKMS 

Tiiuse ^'roat I'rouji.s of I’alaaozoic strata <lo not occur at all in (Jenernl. 
tlic Peninsular j?art of India, while their oeeiirrence in the 
extra-Peninstilar area also, with one exception, is outside the 
('cof'raphieal limits proper of India, and emdined to thenortherii- 
niost borders of the llinialavas and to rjiper Purina, In the 
PiUiin.silla there exists, between the Vindhvan atid the ne.xt 
overlying {Up))er Carboniferous) deposits, a great arising 
from a persistent epeirogenic uplift of the country during the 
ages that followed the depiosition of the Vindhvan .sediments. 

The absmice from India of the.se formations, eonstituting 
nearly three-fourths of tlie Palaeozoic history of the earth, is 
(piite noteworthy, as it imparts to the Indian geological recoril, 
esjiecially of the Peninsula, a very imjierfect and fragmentary 
character. The Himalayan occurrences of these roek-grou|)s, 
referred to above, are re.stricted also to the northernmost or 
Tibetati zone of the Himalayas, whi're a broad belt of marine 
fossiliferoiis .sedimentary rocks extends from the we.stern 
extremity, Hazara and Kashmir, throttgh Spiti, (iarhwal and 
Kumaon, to Nepal atid even beyond, and in which represen¬ 
tatives of almost all the rock-systems from Cambrian to Eocene 
arc recognised. 

1. BwTt Area. (Fig.!).) 

^F^ying the beds of the Haimanta system in all parts of Silurinn, 
Spntliere are a thick scries of reel ipiartzites and grits under- 
laiaT^ conglomerates, and passing upwards into shales with 
bandi'M limestone and dolomite. The accompatiying table 
shown the relations of the .Silurian system of Spiti with the 
overlying and underlying formations (see Fig. 9): 
w.ii.i. 97 
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Devonian. Muth Quartzite. 

( Grey coloured siliceous limestones. 

Coral limestone. 

Shaly limestones with brachiopods, 
corals and gastruixids. 

Hard-grey doToiuitic limestones. 

Dark and grey limestones with cijnl'ikii, f 2000 ft. 

bracliio|H>ds and trilobites. 

Shales and ilaggy sandstones and 
quartzites. 

Thick mass of pink or redquartzite,gritty 
. unfossiiiferous coarse conglomerates. 

Cambrian Haimanta black shales and slates. 

The lower, aretiaceoiia, beds are imfossiliferoim, but the upper 
shaly and ealeareoim portion has yielded numerous fossil 
bratdiiopods, cystidea, crinoids, corals and trilobites. Of 
these the most im|X)rtant genera are : (Trilobites) Cheirurm, 
Ilkenm, Amphm, Ciilffinene and linmiem ; (Brachiopods) 
Orlhis, Stmphniiena, Lepimnii, Atryjia, Fentaiiients (?); 
(Corals) Fmmites, Ilaliisilen, Cuatliopliyllinii, Syringopora and 
Chmletes-, (Hydro/.oa) Stronmtnpom; (Gastropods) Bellero- 
phnn and Pleurolomariti ; (Cystoids) PyrM-klile^i and Cralerim. 
The above-named genera bear close zoological relations to those 
obtained from the Silurian of England and Europe, a relation¬ 
ship which e.xtends also to many of their species, a certain 
number of them being common. 

Devonian. Resting over the Silurian beds is a thick scries of white and 
hard quartzites, which ore (piite unfossiliferous, whose age 
therefore, whether Uppe^r Silmian or Devonian, is a matter 
of uncertainty. Since it rests directly over distinctly fossili- 
ferous Silurian beds and underlies fossiliferous strata of 
undoubted Lower Carboniferous horizon, its age is inferred 
with a high degree of probability to be Devonian, in part at 
least. This quartzite is known as the Mtilh qumtzite from 
its occurrence very conspicuously on the pass of that name 
in Spiti. Dr. Hayden is inclined to consider the Muth quartzite 
as partly Silurian and partly Devonian. '* The beds immedi¬ 
ately underlving the Muth quartzite contain Pentamerm 
oblongvn, and are, therefore, of Llandovery age. As there 
is no unconformity here, the overlying beds, at least in part. 


Upper Silurian. 


Lower Silurian 
or Ordovi¬ 
cian. 



THE SIHJRIAN AND DEVONIAN SYSTEMS 99 



|1 

S2 

;:h 


must, therefore, belong to the 
Silurian. As the Muth quartz¬ 
ite merely represents an old 
sandstone, and is therefore pro¬ 
bably deposited fairly rapidly, 
the odds were in favour of the 
whole of the Muth quartzite 
being Silurian. It is, however, 
usually regarded as partly 
Silurian and partly Devonian.” 

The Muth qtiartzites, together 
with an overlying group of 
hard siliceous limestone, sonic 
300 feet in thickness in the 
neighbouring locality of Ba- 
shahr, may be taken to repre¬ 
sent the Devonian Age in the 
Himalayas. 

The Muth quartzite is over- Cartsml- 
lain by a thick series of lime- 
stones and ijuartzites more than 
2000 feet in thickness. The 
limestones are hard, dark- 
coloured and splintery. They 
are, however, very prolific in 
fossils, the fossiliferous bands 
alternating with white and grey 
barren quartzites. This series 
is known as the Lijxik series, Upak »erie«. 
3 1 ^12 from a typical outcrop in the 
Lipak valley in the eastern 
part of Spiti. The fossils are 
characteristic Lower Carbon¬ 
iferous organisms belonging to 
such brachiopod genera as 
Produdus (sp. cora and semi- 
reliculatus), Chondes, Alhyris 
(sp. roysii), Syringothyris (sp. 
empidaia), Spirifer, Reticuhria ; 


fill 

«t' >fi 




llfl.. 
spit 

lsoi» 

rSHffl I 



The Po 
series. 


The Upprr 
CVrhohi- 
ferous mi- 
conforriiity. 
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(Lamcllibranchs) Comcardium, Avicuhpecten, the Carbon- 
iiVrouB trilobite Phillipsia ; (Cephalopods) Orthoceras and 
Plalyccmn ; (Gastropods) Emmpkilus, Conularia, Pkuro- 
IwHiiriit ; (Crustafca) Esthem, fisli-teeth, etc. 

The liipak serie.s is sueeeeded, in the same continuous 
Hei|uenee, ijy a f;rou]) of dark-coloured shales and quartzites 
constituting wliat is known as the Pv serm. (See Fig. 13.) 
Tlie lower division is for the most part compf)scd of black 
shales, traversed by intrusive ilykes and sheets of dolerite. 
The intrinled rock has indiussl much contact-nietamorphisra 
in tlie shales, some of which are converted into pyritous slates 
and even into garnetilerons miea-.sehi.sts in the immediate 
neighbourhood of the igneous rock. The unaltered shales 
contain im|iiessions of the h'aves of ferns and allied plants, 
of l,ower or.Middle Carhonirerous affinities, .such nfiRIiacopteris, 
Ephawjilcridhmi, Siihiiiopkria, etc. 'fhe upper division of 
the I’o series is eom])os<‘d of shales and (juartzites, the higher 
jHirt of w hich contains marine organisms in which the polyzoa 
genus Vvnvsklht prejionderates, and gives the name Eeiiestella 
kIiuIis to that sub-division. The other I'o.ssils are .species of 
Prodnetwi, Diali'siiiii. Sjiiiiyird. Iktindiifiii, Sjiirifer, Nautilus, 
ihlluHiras, Prolairhiuira (sp. aiiijda), etc. From the pre- 
jionderanee of poiyzoa an<l the speeii's ot braehiopods charae- 
teristie of the l'|i)ier t'arbonirerous, the latteragt' is ascribed 
to the Po series. 

The Po .series is overlain by Permian strata beginning wdth 
a conglomerate. This eonqilete develo|»ment of the Palaco- 
Z('ie systems, up to and including the .Mid-Carboniferous, 
which we have seen in S})iti, is an I'.veejrtional circum¬ 
stance and eontined to some ])arts of ,Spiti only, for in 
several other areas of the Central Himalayas, the Permian 
conglomerate is seen to overlie uneonformably formations of 
far lower horizons, whether Haimanta, Silurian or Muth, all 
the intervening stages being missing. This Permian con¬ 
glomerate, which will be referred to later in our description 
of the Pi'rmian system, is a most imjKirtant horizon, a dalum- 
littf, in the geology of India. It covers an unconformity 
universal in all parts of India where the Permian system is 
seen. In this particular area of Spiti it is not apparent, because 
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this area remained undisturbed by the crustal readjustments 
of the rest of the continent, permitting an uninterrupted 
sedimentation to proceed in this locality, bridging over the 

gap- . 

This break in the continuity of the deposits at the top of 
the Middle and Upper Carboniferous is utilised by Sir T. H. 
Holland'as the basis for the se])arution of all the systems 
below it (collectively forming the Dravidiaii group), from tho 
remaining systems of later ages which come above it, consti¬ 
tuting the great Aryan group 

The following table gives a general view- of the. Palaeozoic 
sequence in Spiti: 


Aryan J 
Group. I 


I’criiiiun to Tertiary. 
Basement i‘ongiomerate. 


Uravidian 

Group. 


Jliildle and t'p- 
per Carboni - 
ferons. 

Lower Garlxiui 
feroua. 

Devonian. 


Silurian. 


Cambrian. 


Po S(‘ries. 
tMMS) ft. 


Pi-uestella slialea. 


Sliali-s and quart/ito 
I with plants (C'ub/i). 


I Lipak Series. 
I 20<k) ft. 


j.SImli'.s and litneatonea 
aitii tiijriHgotkyria, 
I Siiiri/enit ete. 

I .Mutli ipiartzite and limestone, 

I WN) ft. 

1 Quartzite.s, ahakts and eoral liine- 
- stone, ete.. 

I 2000 ft. 

I llaimatita, slates and qnart/.iOs with 
j dolomite, 

I tOOO-.aOOO ft. 


Purana 

Group. 


( Pro Cambrian. 
1 


Vaikrita series of schi.sts and pliyl- 
lites. 


2. Kashmir. 

A stratified series, in many respects identical with the above 
sequence in Spiti, is developed in Kashmir in a “ basin ” of 
sediments which lies on a direct north-we.st contimtation of the 
strike of the Spiti basin, the only instance within the limits of 
India of a continuous and conformable well-developed Palaeo¬ 
zoic succession. In these, recent researches by Middlemiss 



have revealed a vfery perfect euceession of the five pnmajy 
etratigraphical systems—Cambrian, Ordovician and Silurian, 
Devonian, Carboniferous and Permian. We shall, however, 
not treat this subject here. The stratigraphy of the Kashmir 
area will be treated in detail in Chapter XXVII. 

3. ClIITRAL. 

In the. valley of the. Chitral river, at the north-west frontier 
of the extra-Peiiinsula, Upper Devonian strata are found 
containing some of the characteristic brachiopods and corals 
of the period, e.ij. Fuvosiles, VyalliophylUim, Orthis, Ath/ris, 
Atryya, Hj/iriffr, etc. fiithologically the Devonian of Chitral 
is a thick series of limestone overlying a scries of older Palaeo¬ 
zoic strata, ((uartzites, red sandstones and conglomerates, 
in which are to be recognised the inobable e((uivalent8 of the 
Muth (luartzite and the Upper Silurian horizons of the better- 
known areas.' 

4. Hazara. 

An exactly similar series of rcK'ks to that found in Chitral 
occurs in Hazara, consisting of a coarse basal conglomerate, 
followed by a scries of red or purple sandstones and shales, 
the whole overlain by a massive limestone some 2000 feet in 
thickness. The limestone is a eompoet thin-bedded rock of 
ptuple colour. Its weathering is very peculiar, giving rise to 
large discoidal blocks, fossil eviilcnce is wanting in these 
rocks, but from the exact lithological correspondence of the 
Hazara series with that of Chitral, the two are regarded as being 
of the same age. The name, given to the Hazara sequence 
is the “ Infra-Trias series," on account of its relation to the 
immediately overlying, more conspicuous Triassic rocks of the 
area. (See Figs. 20 and 21, pp. 156, 157.) 

5. Burma (Northern Shan States). 

But a much more perfect development of marine Palaeozoic 
rocks is discovered in the eastern extremity of the extra- 
Peninstda, in the Northern Shan States of Upper Burma, in 
which the Indian Geological Survey have worked out a suc¬ 
cession of faunas, revealing a continuous history of the life and 
deposits of the Palaeozoic group from Ordovician to Permian. 
The Northern Shan States of Burma are a solitary instance, 
' See, vol. x!v. pt. 4, 1915. 
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with th6 exception of Spiti and Kashmir, within the confines 


of the Indian Empire which pos¬ 
sesses a complete geological record 
of the Palaeozoic era. The extreme 
rarity of fossiliferous Palaeozoic 
rock-eystems in the Indian Penin¬ 
sula compels the attention of the 
Indian student to this distant, 
though by no means geologically 
alien, province for study. We can 
here give but the barest outline of 
this very interesting development. 
For fuller details the student 
should consult the original Memoir 
by Dr. La Touche, vol. .x.x.xi.v, 
part 2, 1913. 

Silurian. In the Northern Shan 
States, Lower Silurian (Ordovician) 
rocks arc exposed, resting over a 
broad outcrop of unfossilih'rous 
Cambrian quartzites ainl grey- 
wackes. These in turn overlie still 
older, Archaean or Dharwar gneis.scs 
(the Mogok gneiss), with which 
is interWded the well-known 
crystalline limestone (the ruby- 
marble of Burma), the carrier of a 
number of precious stones, such as 
rubies, sapphires and spinels. The 
Ordovician rocks are variously 
cedoured shales and limestones con¬ 
taining the characteristic trilobites, 
cystideans and brachiopods of that 
age. The characteristic Ordovician 
genus of stemmed cystoid, Arvilo- 
cytlu, is noteworthy. Also the eys- 
toids Caryoeeinw and Heliacrinm. 
The brachiopods aieJAngula, Orlhis, 
ShDfimena, Pkdamboriites and 
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Natnflhim 

Berlin. 


Zehiitgyj 

Heritn. 


Silurian 
fauna of 
Burma. 


Devoniau. 


Leptaem. The pteropod genus Hyolithis is present, together 
with some gastropods. The trilobites are Ampyx, Asaphus, 
lliaenus, Ciilymene, Phucops, etc. 

The Ordovician beds are overlain by Silurian strata com¬ 
posed of a series of quartzitie and fclspathic sandstones, the 
lower beds of which contain many trilobites and graptolites. 
The grajjtolites includi' characterLstic forms like Diplograptus, 
C'lm(icoi)raplti.H, Mmoyraptm, Cyrtnyroptus, Raslriles, etc. 
Tlu^ graptolite-bearing beds are succeeded by what are known 
as the Ndiiisliini scries, containing trilobites of the genera 
Illtwnus, Eiirriininis, Culymem, Plmeops, Cheirtirus, and 
numerous braehiopods. The Nanwhiin sandstones are in turn 
overlain by a newer series of ealcansins, lassiliferous, soft 
yellow and grey limestones an<l sandstones, constituting 
the Zebhiyyi series of the Northern Shan States. The fossils 
of the Zebingyi s<‘rie.s include a few s|«‘eies of graptolites of 
the tvpe gemis Momiyriipliis, together with cephalopoils and 
trilobites {Plitienps ainl Ihhmtniles), po.sse.ssing alfinities some¬ 
what newer than thi' Wenlock lime.stone of England. These 
fossils indicate an uppermo.st Silurian age of the enclosing 
strata. TheZi'bingyi stage is thus to hi' n'garded as forming the 
passage-beds between the Sihirian and the overlving Devonian. 

The Silurian fossils obtained from both Ihi^ Namshim atal 
Zebingyi horizons of the Shan States are : 

IkachioiioiLs Litiyuk, h’ptaetm, Ortliothetis, Slrophmiena, 
Orlhis, Peiiliniienis, Alrypi, Spirifer, Merislimi. 

Lamellibranchs- -Plerimi. MoAioInpsis, (llassin, Dmlina, 
Vonomrdinm. 

(lastropods -Ten/iicuUtes. 

Cephalopods—Many species of OrOioeerus. 

Numerous broken stems of erinoids. 

Rugose coral- Lindstroem iu. 

Worm borings and tubes. 

Trilobites— lUoenus, Proeliis, Enerimir'is, Culymene, Chei- 
niTUS, Pliacops. Dalmaviles. and fragments of many 
other trilobites. 

The Devonian is represented by a series of crystalline dolo¬ 
mites and limestones of Padaupkin, which have yielded a 
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very rich assemblage of Devonian fossils, the only undoubted 
occurrence of Devonian fauna that has been met witli 
hitherto in the Indian region. Tlie fossils are very nuinenuis 
and belong to all kind.s of life of the period enrals, 
brachiopods, lamellibranchs, gastropods, eystoids. crinoids. 
polyzoa, Crustacea, etc. 

The Devoiuan fauna of Uuriiia : 

Corals—(.'olceo/o (sp. the characteristic Devonian IVvi.nian 

coral), Cijntiwjihilbim, (Jipliiihijllitw, Ahynlih's, /ap/i- 
renlis. Heliulites, Pdchi/jxim. etc. 

Polyzoa -Fenestnijjurd, Ucmitri/iid. /'o/y/xan. 

Hrachiopods—Orf/i is, Alryjxi, Pciihindd ds. ClndK-lcs. Sjiirifcr. 

(Jiirtim, Mfritsid, MeriAcIhi. etc. 

Lamellibranchs— Conm-drdidni. .1 1 'icdid. 

Oastropods— Ijixinii'iiid. Ph'di-ulduidrid. Mdn'hlsdiiid. Pdodi- 
pluil ».«, Jidllrraplioii. 

Cephalopcsls -Aiidrcc.itcs. 

Trilohitcs Phdcops, etc. 

Crinoids -Cdpmsoi'iitids. Td.niiriiid!<. Hc.i'dcn'iins. 

The limestone and dolomite are followed by an argillaeeon.s The W’eiw 
.series of yellow-coloured shale.s and slates of Cp|>er Devonian 
age, known as the Wi’liciii AdlfS. also fossiliferous. anil con¬ 
taining Lim/uld, Allii/rix, tVio/ie/e.v, Jdiicid. Nin-dk and Iklh'- 
roplwn as the commonest fossils. With the Wc'twin slates 
are associated line crystalline dolomites and limestones with 
remains of corals and foraminifera. 

The Devonian is succeeded, in the .same locality and in one ('athoni. 
continuous succession, by a great (levelo))ment of limestones J”™","™*,. 
and dolomites belonging to the Lower and Upper Carboniferous lionlfi oiua. 
and Permian systems, which on account of their forming 
(together with the Devonian limestones) the [ilati'au country 
of the Northern »Shan States, have been collectively known 
as the Phleau limestone. The limestones, which are exten¬ 
sively crushed and brecciated, vary from pure lime.stones 
through dolomitic limestones to ]mre dolonutes. There is a 
foraminiferal limestone among them, which, from the pre¬ 
ponderance of Fusulimie ui it (a rock-building fordminifer 
highly peculiar to this age in many parts of the world), is 
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known as the Fmulim limestone. The fossils of the upper 
portion of the Plateau limestone very closely correspond in 
fecies with those of the Productus limestone of the Salt-Range 
(Chapter XI.) of Permian age. (See Figs. 10 and 18.) 

The faunas throughout the whole series of strata following 
the, Wetwin shales are closely related and are stamped with 
the same general facies. The Lower Carboniferous forms are 
not 8eparal)le from the Upper, nor are these from the Permian. 
For this reason the two groups of Carboniferous and Permian 
rocks arc described under the name of Anthmcolithic group, a 
grou))ing which is applicable to the Permo-Carboniferous rocks 
of many other parts of India as well. 

The foregoing fuels are summarised in the following table of 
geological formations of the Northern Shan States, Upper 
Burma: 

liiinun. Other parts. 

Rhactio. Na|)oiig Issls. 

I ll|)(KT iilntcnu lime.Htdne. ! I’roductus limestone 
Permo-t'nrlioni- Fiisidiiia and Pruliiem ef the Salt-Range, 
ferous I limcstniiea. Tartly Trodiictus shales of 

(antliracolithit^) I doloinitic and brcc- Spiti and ijewan 

yystems. ciated. In the main beds of Kashmir, 

tinfos-siliferons. 

(.'ryslalline dolomite.^ .and Mnth Series and De- 
limestones, much vonian of Chitral. 
erushe<l, with ('alceola 
miidaliiia, I’hacops, '■ 

Pentamerus.elc. (of I’a- 
daupkin), forming the 
plateau country. 

Wetwin shales with Oho. 
netes and a very rich : 

Devonian fauna (Eife- 
liau). 

Zebingyi beds, blue and Silurian of Spiti and 
grey Haggy limestones Kashmir, 
with Oraptolites, Tenta- ; 
culites, Orthneeras. 

Namshiin sandstones. \ 
quarUoseandfelspathic ! 
sandstones, soft marls, : 
and liineatones with ; 

Orthoceras, Trilobiles, : 
etc. i 


Devonian System. 


Silurian System. 
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Ordovician 

System. 


[ Nyaungbaw beds— brown Lower Silurian of 
limestones with shnles Kashmir, 
containing Upper Ordo¬ 
vician (o.<sils. 

Naungkaugyi beds, yellow 
or purple shale.s with 
thicK limestones. Cys- 
toids, Orlliis, Stroplm- | 
mem, Trilobikf. j 


Cambrian System. 


Chaung .Magyi IksIs, thick 
quart titcs, slaty shales 
and greywaekcs: un- 
fossiliferous. 


Haimantn of Spiti 
ami Camlirian of 
the Snit-ltangir. 


, Mogok gneiss, gneiss and ! Peninsular gneissi-s. 
Archaean ( interbaiuled crystal- ; 

System. i line limestones with 

I intrusive granites. i 


With the Upper Carhintifermw. tlie second great era of the 
geological time-scale in India ended. Itefore we ])a,s.s on to 
the description of the .succeeding rtM-k-groiips we have to con¬ 
sider a great revolution in the physical geography of India at 
this epoch, whereby proftnind ehange.s were hronght about in 
the relative, distribution of land and sett. The readjustinents 
that followed these crust-movements hrotight large areaa of 
India under sedimentation which were hilherto e.xposed land- 
masses. An immense tract of India, now forming the northern 
zone of the Himalayas, was covered by the waters of a sea 
which invaded it from the west, and overspread North India, 
Tibet and a great part of China, 'riiis sea, the great Tethys 
of geologists, was the ancient central or vieililerranean (aean 
which encircled almost the whole earth at this period in its 
history, and divided the continents of the northern hemisphere 
from the southern hetuLsphere. It retained its hold over the 
Himalayas for the whole length of the .Mesozoic era, and gave, 
rise, in the geosynclinal trough that was forming at its floor, 
to a system of deposits which rcconled a continuous history of 
the ages between Permian and Eocene. This long cycle of 
sedimentation constitutes the second and last marine period 
of the Himalayan area. 

During this interval the Peninsula of India underwent a 
different cycle of geological events. The Upper Carboniferous 
movements interrupted its long unbroken quiescence since the 


Pliynicn! 
cimii);c'M M 
the cml (vf 
thu 

Drnvidiaii 

ITH. 
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Viiidhyan. Although the circumstance of its being a horst- 
like segment of the crust gave it immunity from deformations 
of an orogenic kind, yet it was susceptible to another class of 
crust-movements, characteristic of such land-masses. These 
manifested themselves in the subsidence of large linear tracts 
in various parts of the country between more or less 
vertical fissurts of dislocation in the earth (block-type of 
earth-movements), whicli ((ventually resulted in tlie forma¬ 
tion of chains of basin-shaped depri'ssions on the old 
gneissic land. These basins received the drainage of the 
surrounding country and began to be filled by their 
fluviatile and lacustrini! debris. As the serliments accumu¬ 
lated, the loaded basins subsided more and more, and 
subsidence and sinlimentation going on jMri jmsu, there 
resulted thick deposits of fresh-water and subacrial sediments 
several thousand feet in vertical c.\tcnt and entombing among 
them many relics of the terrestrial plants and animals of the 
time. These records, therefore, have preserved to us the 
history of tin? land-surfac(> of the Indian continent, as the zone 
of marine sediments, accumnlated in the geosynclinal of the 
Northern Himalayas, has of the oceans. Thus a double 
facies is to be recognised in the two deposition-areas of India 
in the systems that follow - -a marine type in the extra-Penin- 
sula and a fresh-water and subaerial type in tln> Peninsula. 
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CHAPTEIi IX 


THE tiONDWAXA SYSTEM 

Rocks of later age tlian Viiulhyan in the I’eniiisnla of India <ieiirriil 
belong to a most <'liaraeteristie systeTii of land-dejiosits, which 
range in age from the Upper ('aiboniferons, tiirough the greater 
part of the Mesozoic era, tip to tlie end of tin- Jurassic. As 
mentioned in tlie last eha])ter, their deposition on th<' .surface 
of the ancient continent commenced with tlie new era, the 
Aryan era. This enormoinj system of < onlinental de|)o.sit.s, 
in spite of some local unconformit ies, forms one vast conform¬ 
able and connected .seepumee Irom the bottom to the top. It 
is di.stitiguished in the geologv o( India as the (londwana Tlic aneiisit 
svstem, from the ancient (ilond kingdom.s*.south of the Narbada, 
where the formation was first known. Investigations in other 
parks of the world, viz. in Africa. .Madagasiair, Australia and 
even South America, have brought to light an e.vaialy |)arallcl 
group of continental formation.s, evhihiting much the same 
physical as well as organic characters, hrom the above cir¬ 
cumstance, which in itself is conclusive evidence, as well as 
from the additional proofs that are furnished by im]iortant 
palaeontological discoveries in the .lurassic ami ('retaceoiis 
systems of India and Africa, it is argneil hv many eminent 
geologists that an unbroken land-connection e.xisted between 
these distant regions across what is now the Indian Ocean 
in a large southern conthient, which c,\tend<‘d from western 
Africa to India, and united within the same borders the Malay 
Archipelago and Australia. The jiresence of an immensi’ land 
e.vpanse in the southern world for a long succession of ages, 
which permitted of an unrestricteil migration of its animal ami 
plant inhabitants within its confines, is indicated by another 
very' telling circumstance. It is the effect of such a contimmt 
109 
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on the character and distribution of the living fauna and flora 
of India and Africa of the present day. Geologists have 
traced unmistakable affinities between the living lower verte¬ 
brate fauna of India and that of Central Africa and Madagascar, 
relationships which could never have subsisted if the two 
regions had always been apart, and each pursued its own 
itulependent course of evolution. The northern frontier of 
this continent was approximately co-extensive with the 
central chain of the Himalayas and was washed by the 
waters of the T(^thys. 

The evidence from which the above conclusion regarding 
the existence of the great south-world continent is dra\ni, 
is so weighty and so many-sided that the, differences of 
opinion that exist among geologists appertain only to the 
details of its geography, the main conclusion being accepted 
as one of the settled facts in the geology of this part of 
the world. The subaerial dejrosits formed by the rivers 
of this continent during the long series of ages are 
preserx'cd in a number of isolated Ijasins throughout its 
area, indicating a general uniformity and kinship of 
life ai\(l conditions on its surface. The term Gondwana 
systtnn has been con.se((uently e.xtended to include all these 
formations, while the name of Gomhnnwlmid is given to 
this Mesozoic Imlo-Afriean continent. The Gondwanaland, 
called into existence by the great crust-movemente at the 
begiiining of this epoch, persisted as a very prominent 
feature in ancient geography till the commencement of 
Gainozoic age, when, collaterally with other physical revolu¬ 
tions in India, large segments of it subsidetl, permanently, 
under the ocean, to form what are now the Bay of Bengal, the 
Arabian Sea, etc., thus isolating the Peninsula of India. 

The Gmdmmi system is in many respects a unique forma¬ 
tion. Its homogeneity from top to bottom, the fidelity with 
which it has preserved the history of the /and-surface of a 
large segment of the earth for such a vast measure of time, 
the peculiar mode of its deposition in slowly sinking faulted 
troughs in which the rivers of the Gondwana comitry 
poured their detritus, and the preserx'ation of valuable coal- 
measures lyhig undisturbed among them, stamp these rocks 
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with a striking individuality among the geological systems 
of India. 

The most important fact regarding the Gondwana systinn 'flio n.'n- 
is its nmie of origin. The formation of tliou.sands of fi>et 
of river and stream deposits in definite linear tracts cannot "fH"' 
be explained on any other snppositioii than the one already 
briefly alluded to. It is suggested that the niountain-bnilding 
and other crustal movements of an earlier date had their 
reaction now in the subsiilenee of large bim'ks of the c(amtry 
to the equilibrium-plane, between vertical or slightly inclined 
fissures in the crust. These depressions naturally becumi> 
the gathering-grounds for the detritus of the land, for tin' 
drainage system must soon have betaken itself to the inov 
configuration. The coutinnally increasing thickness of the 
sediments that were poured into the basins cause(l them to 
sink relatively to the surrounding Archaean or Vindhynn 
country, from which the sediments were derivisl, and thus 
gave rise to a eontimiation of the .same conditions without 
interruption. 

It is this sinking of the loaded troughs among the Archaean 
crystalline rocks that has tended to preserve the (Jondwana 
HK'ks from removal by surface dtMiudation, to which they 
would certainly have been otherwise subject. Tin- more or 
less vertical faulting did not disturb the original horizontal 
stratification of the deposits beyond imparting to them a 
slight tilt now to one direction, now to the other, while it 
made for their preservation during all the subsequent ages. 

As almost all the coal of India is derived from t he (roal-seams 
enclosed in the Gondwana rocks, this circumstance is of 
great economic importance to India, since to it we owe not 
only their preservation but their immunity from all crushing 
or folding which W'ould have destroy<>d their commercial value 
by making the extraction of the coal diflicidt and costly. 

The Jluviaiik nature of the Gondwana deposits Ls proved not Their 
only by the large, number of the enclo.s(si terrestrial plants, 
crustaceans, ins(!ct8, fishes, amphibians, reptiles, etc., and by 
the total absence of the marine molhtscs, corals and lirinoids, 
but also bv the character and nature of the very detritus 
themselves, which give conclusive evidence of the deposition 
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ill broad river-vallojH and basins. The rapid alternations of 
poarse- and fine-grained sandstones, and the numerous local 
variations met with in the rocks, point to a depositing agency 
which was lialile to constant fluctuations in its velocity and 
current. Siich an ageuev is river water. Further evidence is 
su[iplietl by the other eharaefers eoramonly observed in the 
alluvial deposits of river valleys, such as the frequency of 
falsi^bedding, tlw^ existence of several local unconformities 
due to what is known as “ contemixiraneous erosion ” by a 
current of unusual velocity removing the previously depo.sitcd 
seiliinent, the intercalations of finely laminated clays among 
coarsely stratified sandstones, etc. 

It is probable that in a few instances tln^ deposits were laid 
down in lakes and not in river-basins, c.g. the fine silty shales 
of the Tiilchir ahuje at the bottom of the system. The dis¬ 
tinctive character of the lncii.'ilrim; deposits is that the coarser 
deposits are confined to the margin of the lake or basin, from 
which there is a gradation towards the centre where only the 
finest silts are iirecipitated. Breccias, conglomerates and 
grits mark t he hounilary of anci(‘nt lakes, whih> finely laminated 
sandstones and clays are found in the middle of the basins. 
This is freipiently observed in deposits belonging to the Talchir 
series. 

The (londwana system is of interest in bearing the marks 
of several cliiiiujcs of cliiiiitifi in its rocks. The boulder-bed 
at its base tells us of the cold of a Glacial .\ge at the commence¬ 
ment of the period, an inference that is corroborated, and at 
the same time much e.xtended in its application, by the 
jiresence of boulder-beds at the .same horizon in parts of 
Kajputana and tlu^ Salt-Range, This Permian glacial epoch 
is a well-established fact not only in India, but in other 
parts of Gondwanaland, e.g. in Australia. The thick coal- 
seams in the strata of the succeeding epoch, pointing to a 
siipernbundance of vegetation, suggest a much warmer 
climate. This is followed by another l old cycle in the next 
series (the PonchH), the evidence for which is contained in 
the presence of undecompased felspar grains among the 
clastic sediments. The last-mentioned fact proves the exist¬ 
ence of ice among the agents of denudation, by which the 
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crystalline rocks of the surface were disintegrated by frost- 
action, and not decomposed as in tiorinal climates. The thick 
red Mieklle Gondwana sandstones s\iecewling the Panchet 
ej)Och denote arid desertic conditions during ii somewhat later 
period, a conclusion warranted by tlu> prevalence in them of 
so much ferruginous matter coupled with almost the total 
absence of vegetation. 

The(w-; 7 MW(cre»iHi)i.sentomb(Hl in the sediment." are numeroiis Life of 
ami of great biological interest, as furnishing the natural 1’®"®’*- 
history of the large continent; but thev do not help us in 
fi.xing the homotaxis of the dilTerent divisions of the system, 
in terms of the standard .strntigra])liical scale, with other parts 
of the world. The palaeontological value of terrestrial and 
fresh water fossil organisms is limited, as tjiey do not furnish 
a <'ontinuous and connected hi.sforv of their evolution, nor is 
the geographical distribution of their species wide enough, as is 
the case with the marine mollusc's. echiniKlerriis, etc. Plant 
fossils, however, are abundant, and are of service in enabling 
the different groups of ex])osure.s to be sub-divided and cor¬ 
related among themsdrrs with some degree of minuteness. 

The lower Gondwanas contain a very rich collection of ferns 
and eipii.setums ; the middle ]>art of the .system contains a 
j fairly well-diffi-rcntiatcd invertebrate as well as veriebrate 
fauna of Crustacea, insects, fish, amphibia, and reptiles, besides 
plants, while in the upper division tlmre is again a rich 
a.s.scmblage of fo.s,sil plants, now chiefly of the higher 
vegetable sub kingdom (spermaphyta), cveads and conifers, 

, with fish and other vertebrate remains. 

' A succession of distinct //oros has been worked out from the 
shale and sandstone beds of the various Gondwana divisions 
by palaeo-botanists, and distinguislnsl as the Takhir, Dnmwlu, 

Raniganj, Rijnuih/d, Jabalpur flora, etc., eai h [)osse,ssing some 
individual characteristics of its own. 

i Outcrops of the Gondwana .system are .scattereil in a number Distribution 
I of more or leas isolated basins (see Figs. 11 and 12) I ving in the (f 

■ IJ I r 1 • 1 ” I- Oontlw&na 

oiaer rocks of the Peninsula along certain very definite lines, rock*, 
which follow approximately (though not always) the courses 
of some of the existing rivers of the Peninsula. Three large 
tracts in the Peninsula can be marked out as prominent Gond- 

w.n.i. H 
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wana areas ; (1) a large linear tract in Bengal along the valley 
of the Damodar river, with a considerable area in the Rajmahal 
hills; (2) an expansive outcrop in the Central Provinces 
prolonged to the south-east in a belt approximately following 
the Mahanadi valley ; (3) a series of more or less connected 
troughs forming an elongated band along the Godavari river 
from near Nagpur to the head of its delta. Besides these 
main areas, outliers of the Upper Gondwana rocks occur in 
Kathiawar, Cutch, Western Rajputana and, the most impor¬ 
tant of all, ahmg the East Coast. The Gondwana system, 
however, is not confmed to the Penin.sular part of India only. 



since we find outliers of the same system to the north of the 
Peninsula on the other side of the Imlo-Gangetic alluvium, 
at such distant centres as AfghanLstan, Ka-shmir, Sikkim, 
Bhutan,* and the Abor country.^ 

Prom what has been said regarding their mode of origin 
and their geotectonic relations with the older rocks into which 
they have been faulted, the above manner of disposition 
of the Gondwana outcrojrs will easily be apparent. It also 
follows that the boundaries of the outcrops are sharply 
marked off on all sides, and that there is a zone of some¬ 
what disturbed and fractured rock along t he boundary while 
the main body of the rocka is mrdisturbed. These are 
actually observed facts, since the Gondwana strata never show 

‘ Rtc. Q.S.l. vol. xxxiv. pt. 1.1606. 

* i?€C. Q.SJ. Tol. xHi. pt. 4* 1912. 
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any folding or plication, the only disturbance being a gentle 
inclination or dipping, usually to the south but sometimes to 
the north. The extra-Peninsular occurrcncos, on the, other 
hand, have been much folded and compressed, along with the 
other rocks, and as a consequence the sandstones, shales and 
coal-seams have been metamorphosed into quartzites, slates 
and carbonaceous (graphitic) scliists. These extra-Peninsular 
occurrences arc of interest as indicatuig the limit of the 



r* , rot'Aj wifh acams i i'litilhiiaii atiiiJatonaa 

Kill. !-.• -Tfi'toiuc relations of tin* <J<iinlwuna rocks. Vcrlli al 
.soak* fxaKucratfil. 


northern extension of the (iondwana continent and tlie 
s])rcnd of its peculiar flora and fauna. 

The system is classified into three principal divisions, the, Clasaifics- 
Lower, Middle, and Upper, corresponding in a general way 
respectively to the Permian, Triassic and Jurassic of Kuroja'. 

The following table shows the division of the principal 
sections into series and stages, their distribution in the 
different Gondwana areas and the names by which they are 
recognised in these areas ; 


[Table overleaf. 
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1. LOWER GONDWANA SYSTEM 

The lowest beds of the Lower Gondwana are known as the TaloWr 
Talchir series, from their first recognition in tlie Talchir 
district of Orissa. The Berk's is divided into two stages, of 
which the lower, the Takhir stage, has a wide geographical 
prevalence, and is present in all the localities where Goiulwana 
rocks are found, from the Rajmahal hills to the Godavari and 
fn»m Raniganj to Nagi)ur. The group is quite homogeneous 
and uniform in composition over all these areas, and thus 
constitutes a valuable stratigraphical horizon. The conqsment 
rocks (300-400 feet thick) are green laminated shales and soft 
fine sandstones. The sandstones contain umlecomposed felspar 
grains, a fact which suggests tin; prevalence of land-ice and 
the disruptive action of frost. Glacial conditions are, however, 
more clearly indicated by a boulder-bed also of very wide pre¬ 
valence in all the Gondwana areas, containing the characteris¬ 
tically glaciated, striated and facctte<l blocks of rock brought 
from afar and embedded in a fine silt-like matrix. The 
presence of fine silty matrix suggests Jliwio-glacial ag(!ncy of 
transport, and deposition rather than glacial. The boulders and 
blocks were transported in floating blocks of ice, and droppeil 
in the Talchir basins, in which th<! deposition of fine silt was 
going on. Proofs of similar glacial eondititms at this stage 
(Permian) exist in many other parts of India, viz. the Aravallis, 
Rajputana, Salt-Range, etc. The Aravallis, it appears, were 
the chief gathering-grounds for the snow-fields at this time, 
from which the glaciers radiated out in all directions. 

Fossils are few in the Talchir stage, the lower beds being Talchir 
quite unfossiliferous, while only a few remains of terrestrial 
organisms are contained in the upper sandstones; there are 
impressions of the fronds of the most typical of the Lower 
Gondwana fenis Gangatnopleris and Glmsoperk ; wings of 
insects, worm-tracks, etc., arc the only signs of animal life. 

The Talchir stage is succeeded by a group of coal-bearing 
strata knowji as the Karharbari stage, 500-600 feet in thick¬ 
ness, also of wide geographical prevalence. The rocks arc 
grits, conglomerates, felspathic sandstones and a few shales, 
containing seams of coal. Plant fossib are numerous, the 



Bftmuda 

torien. 


118 dBoioe® (W 

chief genera being: (Ferns) Oangamopteris—eight species; 
Gfossoptem—two species and Sagenopleris; (Equisetums) 
Vertebraria, Schitomura (like Cahmites)\ (Conifers) VoUtia 
and Albertia. Besides leaves of these plants there occur 
some fossil 8ee<l-cases and fruits and a large number of stalks 
or stems of equisetums. 

The Talchir series is succeeded by the second division of 
the Lower Oondwanas, the Damuda serks, the most important 
portion of the Gondwana system. Where fully developed, as 
in the Damuda area of Bengal, the scries is divided into three 
stages, in tlie descending order : 

Raniganj -5000 feet. 

Iron.stone shale- 1400 feet. 

Barakar—2000 feet. 

Of these the Barakar stage, named from the Barakar branch 
of the Damodar river, alone is of wide distribution among 
the Gondwaiui basins oukside Bengal, viz. in the Satpura and 
the Mahanadi and Godavari valleys; the middle and upper 
members ate missing from most of them, being restricted 
chietlv to the type-area of the Damodar valley. The Barakar 
stage rests conformably upon the Talchir .series, and consists 
of coarse, soft, usually white, mas.sivc sandstones and shales 
with coal-seams. The Barakars contain a large quantity of 
coal in thick coal-seams, though the (piality of the coal is 
variable. The percentage of the carbon is sometimes so 
low that the coal passes into mere carbonaceous shale by the 
large admixture of clay. It is usually composed of alternating 
bright and didl layers. The coal is often spheroidal, *.e. it 
breaks up into ball-like masses. The Ironstone shales are 
a great thickness of carbonaceous shales with concretions 
(Sphaerosiderites) of impure iron-carbonate and oxides. They 
have yielded much on^ of iron. But this group is of a most 
inconstant thickness and appears only at a few localities in 
the Damuda area, being altogether missing from the rest of 
the Gondwana areas. This is succeeded by the Raniganj 
stage of the Damuda series, named from the important mining 
town of Bengal. The Raniganj stage is composed of massive, 
false-bedded, coarse and fine sandstones and red, brown and 
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bisok shales, with numerous interbedded coal-searas. The 
sandstones are felspathic, but the felspar in it is all decomposed, 
t.e. kaoUnised. The coal is abundant and of good quality as a 
fuel with a percentage of fixed carbon generally above 55. 

Many of the coalfields of the Damodar valley, especially Ignooai 
those of the eastern part, are inviulod by dykes and sills of 
an ultra-basic rock which has wrought much destruction coal- 
in the coal-seams by the eontact-metamorphisni it has 
induced. The invading rock is a miea-peridotite, containing 
a large quantity of apatite. The peridotite, has intruded in 
the form of dykes and then spread itself out in wide horizontal 
sheets or sills. Another intrusive rock is a dolerite, whose 
dykes are thicker, but they are fewer and ate attended with 
less widespread destrviction of coal than the former. 

The coal is converted into coke, and its economic utility eSmM of 
j destroyed. The reciprocal effects of contact-metamorphisra 
on the peridotite as well as the coal are very instructive to morphium 
observe. The peridotite has turned into a pale earthy and 
friable mass with bronze-coloured scales of mica in it, but 
without any other trace of its fornu-r crystalline structure. 

On the other hand, the coal has coked or even burnt out, 
becoming light and cindeiy, and at places it has developed 
prismatic structure. 

The Damnda fossils arc all plants. The flora is chiefly The Damuda 
cryptogamic, associated with only a few spermaphytes. The 
following are the most common genera : 


(Filicinae) (Ferns)— Glossopleris, si.xteen spwdes, Ganga- 
mopteris, four .species, Sphftwperis, Pecopteris, 
Cycloj^eris, ThinnfeMia, M<ivrol(ienwpt.em, Olmn- 
dridium, Dichonia, Adinopteru, Smjempkm, 

Cyathea. 

(Equisetaceae)— Trizygia, Yerlebrarin, Phgllolhecn. 

(Coniferae)— YoUzia, Samaropsu, Cydojiitys, Rhipidoptin. 

(Cycadeaceae)— Ptilophyllum, Noggemthiopm. also largo 
numbers of fossil fern-stems (rhizomes) and eguiadum 
stems, fish, etc. 

In the Satpura area the Damuda series is represented, in 
its Barakar and Raniganj st t^es, by about 10,000 feet of sand- otbn amt 
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stone and shale, constituting what are known as the Barakar, 
Motur and Bijori stages respectively of this province. The 
Mohpani and the Bench valley coalfields of the Satpura 
region belong to the Barakar stage of this series. In the 
strata of the last-named stage, at Bijori, there occur bones 
and other remains of a Labyrinthodont (Gandwarmaurm). 
Other fossils include scales and teeth of ganoid fishes, and 
ferns and equisetums identical with those of Bengal. It is 
quite probable that large e.\panscs of the Lower Gondwana 
rocks are buried under the basalts of the Satpuras, which 
must have contained, and possibly still contain, some valuable 
coal-seams. 

Another area of the Peninsula where the Damuda scries is 
recognised, though greatly reduced and with a somewhat altered 
facies, is in the Godavari valley, where a long but narrow band 
of Lower Gondwana rocks stretches from the old coalfield of 
Warora to the neighbourhood of Kujahmundri, The Barakar 
stage of the Damuda series ])revails in these outcrops which 
bear the coal-fields of Warora, Singareni, Bellarpur, etc. 

Gne more outcrop of the Damuda group is seen in the Rewah 
State, Central India, which at one or two places contains work¬ 
able coal-seams, e.g. in the Umaria field. The division of the 
Lower Gondwana, e.xposed in this field, also is the Barakar. 
Homotaxis Few problems in the geology of India have aroused greater 
Damuda and controversy than the problem of the lower age limit of the 
TaU'hir Gondw'ana system. The Talchir .scries has been referred, by 
dilfereut authors, to almost every stratigraphic position from 
Lower Carbonilerous to Trias. The discovery, however, of 
a Lower Gondwana horizon in Kashmir, bearing the eminently 
characteristic ferns Govguinoptetis and Glossopleiis overlying 
the Carboniferous and underlying marine fossiliferous strata 
ot undoubtedly Permian age, has settled the question bevond 
any doubt. The Upper Carboniferous, or Lower Permian age, 
attributed to the Talchir horizon by this circumstance is quite 
in keeping with the uiternal evidence that is furnished by the 
Talchir and Damuda fioras, as well as bv the fish and labyrin¬ 
thodont remains of Bijori. 

A further positive evidence leading to the same inference 
is supplied by the Lower Gond wanas ot Victoria and New South 
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Wales, Australia. Here, Gangamopleris and other plant- 
bearing beds of undoubted Gondwana faeies, underlain by a 
glacial deposit, identical with the Talchir boiddcr-bcd, are 
found interstratified with marine beds which contain a Car¬ 
boniferous fauna resembling that of the S|K'ekled sandstone 
group of the Salt-Range. 

. The Damuda series contains a great store of mineral wealth Economic*, 
in its coal-measures, and forms, economically, one of the most 
protluctive horizons iii the geology of India. It contains 
the most valuable and best worked coal-fields of the country. 

The mining ojx-rations re(piired for the e.xtraction of coal from 
these rocks are comparatively simple and easy btrausc! of 
the immunity of the Gondwana rocks from all fokling or 
plication. Also, coal-mining in India is not so dangerous on 
account of the absence of the highly explosivi- gases lik(! 
marsh-gas (“ firedamp ”) so commonly associated with coal 
in Europe. 

[Although coal occurs in India in some later gisilogical forma¬ 
tions also.('.g. in Eoc<me and .Miocene rocks of A.ssam; in the 

Eixene of Punjab, Itajputana and Jfulnchistan, in the .lurassie 
rocks in Ciitch and in the Cretaceous of Assam the Damuda 
series is the principal source of Indian coal, contributing nearlv 
07 pr cent, of the total yearly coal i)roduction. The principal 
fields are those of Bengal—Haniganj, .Iherna, (iii idih and Ualton- 
ganj. The Raniganj coalfield covers an area of 500 s<pnire miles, 
containing many scams of gocal coal w ith interbeddi’d ironstones. 

The thickness of the individual seams of coal is great , often reach¬ 
ing to forty or fifty feet, while a thickness of I'ighty or more fec-t is 
not rare. The annual output of coal from the Raniganj mines is 
more than five million tons. The .Iherria field has at present the 
largest output, 9,0tXt,(X)(J tons per iudiiiih. The coal of the .Iherria 
fields belongs in geological age to the Barakar stage. It has less 
moisture and greater proportion of fixed carbon than that of tin? 

Raniganj stage. The coal-fields of Bokaio, to the west of .Iherria, 
coirtain thick seams of valuable coal, and are in course of develop¬ 
ment. Their total resources are estimated at million tons. 

Besides the foregoing there arc smaller fields in the Damodar 
valley. The coal-fields of the other (iondwana areas are not so 
productive, the more important of them being the Umaria field 
of Central India in Rewah, the Pencil valley and Mohpani and 
Bellarpur fields of the Central Provinces, and the Singareni of 
Haiderabad. But their aggregate yield is less than one million 
tons per annum.] 
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Besides coal, iron is the chief product mined from the 
Damuda rocks, while beds of fire-clay, china-clay, or kaolin, 
terra-cotta clays for the manufacture of fire-bricks, earthen¬ 
ware and porcelain, etc., occur in considerable quantities in 
Bengal and the Central Provinces. The Rarakar sandstones 
and grits furnish excellent material for millstones. 



CHAPTER X. 

THE GOXDWANA SYSTEAI {Conittmt'd) 

2. MIDDLE QONDWANAS 

Between the "upper beds of the Daninda series and the next 
overlying group of strata, distinguished as the Panchct, 
Kanithi and Maleri series, there is an unoonformabhi junction ; 
in addition there exists a marked discordance in the lithological 
composition and in the fossil contents of these groups. For 
these reasons the three series overlying the coal-bearitig 
Damudas have been separately grouped together under the 
name of Middle Gondwanas by Mr. E. W. Vredcnburg.' 
Usually it is the practice to regard a portion of the latter 
group as forming the upper portion of the Isiwcr Gondwanas, 
and the remaining part as belonging ,to the bottom part of 
the Upper Gondwanas, but, in view of the above dissimilarities, 
as well as of the very pronounced lithological resemblance of 
what are so distinguished as the Middle Gondwanas with the 
Triassic system of Europe, it is convenient, for the purpose 
of the student at any rate, to regard the middle division as a 
separate section of the Gondwana system. 

The rocks which constitute the Middle Gondwanas are a Rock*, 
great thickness of massive red and yellow, coarse sandstones, 
conglomerates, grits and shales, altogether devoid of coal- 
seams or of carbonaceous matter in any shape. Vegetation, 
which flourished in such profusion in the Ix)wer Gondwanas, 
became scanty, or entirely disappeared, for the basins in which 
coarse red sandstones were deposited must have furnished very 
inhospitable environments for any luxuriant growth of plant 
life. The type area for the development of this formation 

' Summary of the Otology of India, C'alcuttA» 1910. 
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is not Bengal but the Mahadeva hills in the Satpura Range, 
where they form a continuous line of immense escarpments 
which are wholly composed of unfossiliferous red sandstone. 
(See Fig. 1.3, sketch map of the Mid-Gondwanas of the Satpura 
area, and Fig. 14, generalised section across it.) On this 
account the Middle Gondwanas have also received the name 
of the Mahndeva series. The railway from Bombay to Jabal¬ 
pur, just east of Asirgarh, gives a (inn view of these massive 
steep scarps looking northwards. The other localities where 



Fi«>. 13. - Skt'tdi nm|» of tin' Qoiulwana rwtkA ol the Satpura area. 

1. ArrhiU'aii- 4. Pnchiiiarlii (Kaiiithi)- 0. Jabalpur. 

2. Talclilr. .'»• Deuwa (Maleri) atid Bam. 7. Decean Trap. 

3. Ttaiiuiila. * 

MedHwtt. J/m. (J.S. India, vol. x. pi. 1, 1873. 

the strata are well developed, though not in equal proper-, 
tions, are the Damuda valley of Bengal and the chain of basins 
of the Godavari area. The whole group of the Middle 
Gondwanas is sub-divided into three scries, of which the 
middle alone is of wide extension, the other two being confined 
to one or two lo(!al developments : 

Maleri (or Denwa series)—variable thickness. 

Kamlhi (or Pachmarhi series)—^3000 feet to 8000 feet. 
Pmwhet series—1500 feet. 
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The Panchel series rests directly r»nehct 
.over the Raiiiganj stage of tlic 
Damuda series. They consist of 
coarse, red fclspathic sandstones 
with conspicuous false-bedding inter- 
bedded with rwl clays or shales. 

The felspar in the sandstone (xjcurs 
in undecoinposed grains. .Many of 
the sandstones here are inieaccous. 

The Panchet be<Ls are of much 
palaeontological importance, as con¬ 
taining many well-preserved nnuains 
of vertebrate animals, affording us a 
glimpse of the higher land-life that 
inhabitetl the Gondwana continent. 

These, vertebrate fossils consist of the 
teeth, scales, scutes, jaws, vertebrae 
and other bones of terrestrial and 
fresh-water fishes, amphibians and 
reptiles. Three or four genera of 
labyrinthodonts (belonging to the 
extinct order Stegocephah of the 
amphibians) have been (li.scovered, 
besides several genera of primitive 
and less differentiated reptiles. 

Panchet fossils: 

(.4m])hibia) (J(miofil!/}}l.wi, dlgp- 
lognaihus, and Pachggonvi ; 
(Ileptihjs) Diajtwdon and 
Epi(onip<i<hn. The fresh¬ 
water cnistacean Eslhcria is 
very abundant at places. 

The Kamlhi Series is the most Kamthi 
conspicuous and the best-developed 
member of the Middle Gondwana in 
the Central Provinces. It originally 
took its name from a military station 
near Nagpur, where it consists of 
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some 4000 feet of variously coloured massive sandstones, with 
ferruginous and micaceous clays, grits and conglomerates. 
In the Damuda area in Bengal the Kamthi horizon is also 
recognised. There the series is of moderate development, 
aggregating as much as 1000 feet, and at many places within 
the Damuda area it rests directly over the Barakas stage 
without the intervening stages, belonging to the Damuda and 
Panchet series. This circumstance has led to the Kamthi 
strata being misinterpreted as part of the coal-bearing 
Damuda series, especially when the. unconformable junction 
between the two was inconspicuous or concealed. 

The most typical development of the Kamthi series is, 
however, in the Mahadeva and Pachmarhi hills of the Satpura 
range, where it is exposed in the gigantic escarpments of these 
hills. Here the series is composed essentially of thick-bedded 
massive sandstones, locally called Pachmarhi sandstones, 
variously coloured by ferruginous matter; in addition to 
sandstone there are a few shale beds which also contain a great 
deal of ferruginous matter, with sometimes such a concentra¬ 
tion of the iron oxides in them locally that the deposits are 
fit to be worked as ores of the metal. The sandstones as well 
as shales arc frequently micaceous. The Kamthi shales con¬ 
tain beautifully preserved leaves of ferns and cquisetaceous 
plants along their planes of lamination. Some animal 
remains are also obtained, including parts of the skeletons 
of vertebrates similar to those occurring in the Panchet 
beds. The most important is an amphibian— Brachyops. 
This labyrinthodont was obtained from a quarry of fee 
red sandstone which lies at the bottom of the series 
forming a group known as the Mangli hed« near the 
village of Mangli. The flora of the Kamthi scries consists of 
ferns and equisetums, several species of Yertehraria and 
Phylhtheca being found with the ferns Glmopteris, Qanga- 
mopleris, with Pecopterk, Angiopteridium, and Dunaeopsis ; 
the species D. Htighesi being very characteristic of the Kamthis. 
This flora resembles that of the Damuda series in many of its 
forms, being for the most part the survivors of the latter flora. 

The Makri (or Denwa) series comes generally conformably 
on the top of the last. Its development is restricted to the 
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Satpura and Godavari regions. Lithologically it is com¬ 
posed of a thick series of clays with a few beds of sandstones. 

Plant fossils are, curiously enough, quite absent from the clay 
beds, though they are admirably fitted to contain and pre¬ 
serve any vegetation entombed. Animal nmiains, on the 
other hand, are abundant. The shales are full of coprolitic 
remains of reptiles. Teeth of the Dipnoid fi.sh Ceratodm, 
similar to the mud-fish living in the fresh waters of the present 
day, and bones of labyrinthodonts like Masiodonsaurus, Gmid- 
minosaurus, Capilosaurun and iletopm are met with in the 
Maleri rocks of Satpura. Two reptiles, identical in their 
zoological relations with those of the Trias of Europe, are also 
found hi the rocks; they are referreil to the genera Hyperih 
dapedon (order Rhynclmephah), Belodon, and ParasuchM 
(order Crocodilia). The Maleri group is well representol in 
the Godavari valley also, and it Ls from the discovery of 
reptilian remahis at Maleri, a village near Sironcha, tliat the 
group has taken its name. It here rests with an unconformity 
on the underlying Kanithi beds, and consists of bright red 
clays with pale-coloured sandstone beds. The shales an' full 
of coprolitc remahis of reptiles. Other fossils from the same 
locality include Ceratodm and the rejitiles of the genus llypera- 
dttpedon and Paraauchiis. The Maleri group is succeeded 
by another fossiliferous group, the Kotii sUige. Its allinities, 
however, are with the Upper Gondwanas, and will be de¬ 
scribed in connection with them. The, eombhicd groups are 
sometimes designated as the KoUi-Makri utage. 

From the foregohig account of the Middle Gondwanas it Tris» 9 ic age 
must have been clear that they closely agree in their lithology 
with the continental facies of the Triassic (the New bondwanss. 
Red Sandstone) system of Europe. At the same time 
the terrestrial forms of life, like the crustaceans, fish, 
amphibia and reptiles that are preserved in them, indicate 
that they are as akin biologically as they are physically 
to the English Trias. There are, however, no indications 
in these rocks of that wonderful differentiation of reptilian 
life which began in the Triassic epoch in Europe and America, 
and gave rise, in the succeeding Jurassic period, to the numerous 
highly specialised races of reptiles that adapted themselves 
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to life in the sea and in the air as much as on the land, and 
performed in that geological age much the same office in the 
economy of nature as is now performed by the class of Mam¬ 
mals. 


3. THE UPPER OONDWANA SYSTEM 

Distribution. Upper Gondvvana rocks are developed in a number of distant 
places in the Peninsula, from th(! Rajmahal hills in Bengal to 
the neighbourhood of Madras. The outcrops of the Upper 
Gondwanas, as di-veloped in their several areas, viz. Rajmahal 
hills. Dainuda valley, the Satpura hills, the Mahanadi and 
Godavari valleys, Cuteli and along the Eastern coast, are 
designated by dilTerent names, because of the difficulty of 
precisely correlating these isolated outcrops with each other. 
It is probable that future work will reveal their mutual rela¬ 
tions with one another more ch'arly, and will rcmler possible 
their grouping under one common nam(^ At Cutch and 
along the Goromandel coast, beds belonging to the upper 
horizon of the Gondwanas are found interstratified with marine 
fossiliferous sediments, a circum.stance of great help to geo¬ 
logists iji ti.xing the timedimit of the Upper Gondwanas, and 
determining the homota.xis of the .system in the stratigraphical 
scale. 

Lithology. Lithologically the Upper Gondwana group is constituted 
ot the usual ma.saive sandstones and shale.s closely resembling 
those of the Middle Gondwainas, but is distinguished from 
the latter by the presence of some coal-seams and layers of 
lignitisctl vegetable matter, and a considerable development 
of limestones in some of its outcrops; while one outcrop of 
the Upper Gondwanas, viz. that at the Rajmahal hills, is 
quite distinct from the rest by reason of its being constituted 
principally of volcanic rocks. This volcanic formation is 
composed of horizontally bedded basalts contemporaneously 
erupted, which attain a great thickness. 

Rsjniahai Upper Gondwana rocks are found in Bengal at two localities, 
the Damuda valley and the Rajmahal hills, the latter being 
the more typical locality. The rocks of the Rajmahal series 
in the Rajmahal hills rest miconformably on the underlying 
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Kamthi sandstones, the upper portion of \vlii?h is locally known 
under the name of the Dubmjpiir mmlKhmc ; the Rivjmnhal 
series consists of 2000 feet of Insidod basalts or dolcritcs, with 
interstratificd sedimentary beds {iiilt'r-lraitjK’iniMx)o( siliceous 
and carbonaceous clays and sandstones. Almost the whole 
mass of the Kajinahal hills is mndi' up of tlm volcanic flows, 
tof'cther with these inter-tra|)])can .sedinicntary beds. The 
shales have turned porcellanoid and lydite-like on account of the 
contact-effects of the basalts. The basalt is a ilark-colonred, 
porphyritic and amyplaloidal rock, coinnionly tinc-)’raiued in 
te,yture. AVhen somewhat more coarsely crystalline it ri‘- 
sembles a dolerite. The amyedales are. lilhsj with beanlibd 
chaJcedonic varieties of silica,calcite.z<'olites or other secondary 
minerals. A radiating! columnar structure due to "inismatic" 
jointing; is produced in the (ine-<;raincd trapsatmany phmes. Ft 
is probable that these siqx-rficial basalt-flows of the Itajinahal 
■scries are connected internally with the dykes and sills that 
have so copiously ])ernieated the Hanifianj and other coal-fields 
of the Danmda reftion, as their undiTground roots. The latter 
are hence the hypaF)ys.sal repre.sentalives of the subacrial 
Rajinahal eruptions. The silicified shales of the Rajmahal 
beds have yielded a very riih colhstioii of fossil flora, 
consisting of perfectly preservisl leaves of tin,' following 
genera of plants : (Kerns) Damieoii-six Tlilmifeldiu, Aklliop- 
terls, GkicJunin, Dichonia, Ci/clojileris, Aspknih’s ; (Kipii.se- 
tiim) oidy one geniLs Eqiusetiiiii ; (Cycads) PtilDjiki/lhwi, 
Znmiles. Oloznmiles (three species), Didi/oyiimlen, VycmliU'n, 
PteTophjllum (nine species), WHUntmonia-, (t'onifers) Cnn- 
HDighamites, Echinostrobiis, Chirokpis and Pnll.miftt. The 
absence of many species of ferns and the, almost total dis¬ 
appearance of the cquisetums, with the great preponderance, 
numerical as well as generic, of cyca<l.s, are very striking 
features of the Rajmahal flora when contrasted with the 
Damuda flora, and denote a great wivance in vegetable 
life since the Raniganj age. The Rajmahal, with the other 
collateral series of Upper Gondwana in other parts of the 
Peninsula, can fitly be called an age of gj'mnosperms, from 
the predominance of the eycarls. The supremacy of the 
pteridophytes had declined, though many forms yet persisted 

».<; I. , 


Itnjinahal 

littni. 



130 GEOLOGY OP INDIA 

and held an important place in the vegetation of the Gond- 
wana areaa. 

Satpura and Central Provinces. 

Upper Gondwana rocks, of an altogether different facies of 
composition from that at Rajmahal, are developed on a very 
large scale in these areas. The base of the .series rests uncon- 
formably on the underlying Malcri beds, and successively 
covers, by overlapping, all the older members of the Middle and 
Lower Gondwanas e-xpoaed in the neighbourhood. The rocks 
include two stages : the lower Bmjra and the upper Jabalpur 
Jabalpur The Bagra stage consists of limestones, clays and 

sandstones, with conglomerates. It is succeeded by the 
next stage, named after the town of Jabalpur. The rock 
components of the Jabalpm- stage are chiefly soft massive 
sandstone's and white or yellow shales, with some lignite and 
coal seams, and in addition a few limestone bands. The 
Jabalpur stage is of palaeontological interest because of its 
having yielded a rich Jurassic flora distinct from that of the 
preceeling series and of somewhat newer age, viz. Lower 
Oolite. It differs from the Bajmahal flora mainly in its 
containing a greater proportion of cycmls and conifers, viz. 
Podozamiles, Oloznmiles, Ptilophjillum, etc., and Palissya, 
Araucarites, Echinostrobm, Taxites, Gingko, etc. 


Godavari Basin. 

A narrow triangular patch of Upper Gondwana rocks occurs 
in the Gcxlavari valley south of Chanda. The rocks are of 
the same type as those of the Satpuras, with the exception 
of the top member, which is highly ferruginous in its consti¬ 
tution. At places the oxides of iron are present to such an 
e.xtent as to be of economic value. Here also two stages 
are recognised : the lower Kola stage, some 2000 feet in thick¬ 
ness, and the upper Chikkla stage, about 600 feet, composed 
Kota Biage. of highly ferniginous sandstones and conglomerates. The 
Kota st^e is fossiliferous, both plant and animal remains 
being present in its rocks in large numbers. The Kota stage, 
which overlies the Maleri stage described above, consists of 
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looeely consolidated sandstone, with a few shale beds and 
with some limestone. From the last beds numerous fossils 
of reptiles, fish, and Crustacea have been obtained, e.g. several 
species of Lepidotus, Telragonokpis, Dapedius, CercUodm ; 
and the reptiles Hyperadapedon, Pachygonia, Behdnn, Para- 
fuchus, Massospondybts, etc. The plants include the couifeis 
Palissya, AraucarUes and Chirokpis, and numerous species 
of cycads belonging to Cymdites, PtilopliyUum, TaxUes, etc., 
resembling the Jabalpur forms. The Chikiala stage is un- 
fossiliferous, being often strongly ferruginous (haematitic) 
and conglomeratic. 

Qondwanas of the East Coast. 

The Coastal system. Along the Coromandel coast, between 
Visagapatam and Tanjor, there occur a few small isolated out¬ 
crops of the Upper Gondw’anas along a narrow strip of country 
between the gneissic country an<l the coast-line. These 
patches are composed, for the most part, of marine deposits 
formed not very far from the coast, during temporary trans¬ 
gressions of the sea, containing a mingling of marine, littoral 
organisms w'ith a few relics of the plants and animals that 
lived near the shore. Near the Pcnitisular mainland there are 
consequently to be seen in the.se outcrojw both fossil plants 
of Gondwana facies and the marine or estuarine molluscs. 

In geological horizon the different outliers correspond to 
all stages from the Rajmahal to the uppermost stage 
(Umia). 

The principal of these outcrops is the one near the town Rajah- 
of Rajahmundri on the Gorlavari delta. It includes three 
divisions: 

Tripetty sandstone—1.50 feet. 

Raghavapuram shales—150 feet. 

Golapili sandstones—300 feet. 

This succession of beds rests unconforraably over strata 
of the_ Eamthi series. Lithologically they are composed of 
littoral sandstones, gravel and conglomerate rock, with a 
few sh^e-beds. The latter contain some marine lamelli- 
branchs {e.g. species of Trigonia) and a few species of ammos- 
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ites. Intercalated with these are some beds containing 
impressions of the leaves of cycaiLs and conifers. 

Ongolo Another outcrop of the same series of beds is found near 

out<rop. tovvn of Ongole, on the south of the Kistna. It also 
consists of three sub-divisions, all named after the localities : 

Pavaloor beds -red sandstone. 

Vemavaram beds --shales. 

Budavada beds—yellow sandstone. 

The Vemavaram shales contain a very rich assemblage 
of Gondwana ])lants, related in their bota?iical affinities to 
the Jabalpur jilants. 

Modroi) A third grouj) of small e.xposures of the same rocks occurs 
outcrop, in which two stages are recognised. The 

lower beds form a groii]) which is known as the Sripemahir 
Ms, consisting of whitish shales with sandy micaceous beds 
containing a few ci‘phalopod and lamellibrancli shells in an 
imperfect state of preservation ; the jdant fossils obtained 
from beds associated in the same horizon correspond in 
facies to the Jabalpur flora. The Sripermattir beds are over¬ 
lain by a series of coarser deposits, consisting of coarse con¬ 
glomerates interbedded with sandstones and grits, which 
contain but few organk^ remains. This upper division is 
known as the Sntlni'mlu Ms. 

One more exposure of the same nature, occurring far to 
the north on the Mahanadi delta, is seen at Cuttack. It is 
composed of grits, sandstones and conglomerates with white 
and red clays. Tln^ sandstone strata of this group are dis¬ 
tinguished as the, Athyarh samhlones. They posse.ss excellent 
qualities as building stones, and have furnished large 
(juantities of building material to numerous old edifices and 
temples, of which the temple of Jagan Nath Puri is the most 
famous. 

Umia Series. 

Upper The highest beds of the Upper Gondwanas are found 
ofCutX** ® village named Umia. They rest on the 

top of a thick scries of marine Jurassic beds (to be 
described with the Jurassic rocks of Cutch in a later chapter). 
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The Umia serm, as the whole formation is called, is a very 
thick series of marine conglomerates, sandstones and shales, 
in all about 3000 feet in thickness. The sjiecial interest of 
tliLs group lies in the fact that with the topmost beds of this 
series, containing the relics of various cephalopods and lamelli- 
brancliB, there occur intcrstratilied a number of beds contain¬ 
ing plants of Upper Gondwana facies, pointing unmistakably 
to the prevalence of Gondwana conditions at the periixl 
of deposition of this series of strata. Tlie marine fossils 
are of uppermost Jurassic to lower Cretaceous allinitira, 
and hence serve to define the upward stratigraphic limit of 
the great Gondwana system of India within very precise 
bounds. The Umia plant-remains are thought to be the 
newest fossil flora of the Gonilwana system. The following 
is the list of the important forms : 

(Ferns) Oleomiridiuw, Tuenxopkrix. Pochyjtkris, Pecoptcru ; 

(Cycads) Ptilophi/Umti. VhuhphMm. OUmmiks, Cyca- 
dites, Cycndolepis, Williamsonia ; (Conifers) Piilissya, 

Pitchyphyllmn, Echinmtrobm and Ariitiainkn. 

Some of the species of these genera an! alliisi to the Jabalpur 
species, others are distmctly newer, more! highly (‘volved 
types. 

The Umia beds Itave also yielded the remains of a reptile, 
a species belonging to the famous long-m‘cked PksitmuriiJi 
of the Euiop(!an Jurassie. It is named P. Indiai. 

In Northern Kathiawar there is a large patch of Jurassic 
rocks occupying the comitry near Dhrangadhra and Wiwlhwan 
which corresponds to the Umia group of Cutch in geological 
horizon. It has yielded conifers and cycads resembling the 
Umia plants. 

The Upper Gondwana rocks include several coal-seams, BooBomioc 
but they arc not w'orked. Some of its fine-grained sand¬ 
stones, e.g. those of Cuttack, arc much used for building 
purposes, while the clays obtained from some localities are 
utilised for a variety of ceramic manufactures. The soil 
yielded by the weathering of the Upper Gondwanas, as of 
nearly all Gondwana rocks, is a sandy shallow soil of poor 
quality for agricultural uses. Hence outcrops of the Gond- 
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wona rocks are marked generally by barren landscapes or 
else they are covered with a thin jungle. The few lime¬ 
stone beds are of value for lime-burning, while the richly 
haematitic or limonitic shales of some places are quarried 
for smelting purposes. The coarser grits and sandstones are 
cut for millstones. 
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CHAPTER XI 

UPPER CARBONIFEROUS AND PERMIAN SYSTEMS 

In the last two chapters wc have followed the geological tko 
history of the Peninsula up to the end of the Jurassic perio<l. 

Now let us turn back to the other provinces of the Indian Aryim or*, 
region where a different order of geological events was in 
progress during this long cycle of ages. 

As referred to before, the era following the Middle Car¬ 
boniferous was an era of great earth-movements in the extra- 
Penmsular parts of India, by which sedimentation was 
interrupted in the various areas of de]K)sition, the distribution 
of land and sea was readjusted, and numerous other changes 
of physical geography ])rofoundly altered the face of the 
continent. As a consequence of these piiysical revolutions 
there is, almost everywhere in India, a very marked break 
in the continuity of deposits, rcpre.sented by an unconformity 
at the base of the Permian system of strata. Before setli- 
mentation was resumed, these earth-movements and crustal 
re-adjustments had resulted in the easterly e.xtension over the 
whole of Northern India, Tibet and China of the great Medi¬ 
terranean sea of Europe, which in fact at this epoch ginlled 
tdmost the whole earth as a true meMcrrattetin sea, separat¬ 
ing the great Gondwana continent of the south from the 
Eurasian continent of the northern hemisphere. The southern 
shores of this great sea, which has playtsl such an imjs)rtant 
part in the Mesozoic geology of the whole Indian region - 
the Tethys—coincided with what is now the central chain 
of snow-peaks of the Himalayas, beyond which it never 
transgressed; but, to the east and west of the Himalayan 
chain, bays of the sea spread over areas of Upper Burma 
and Baluchistan, a great distance to the south of this line, 
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while an arm of the same sea extended towards the Salt- 
Kange and occupied tliat region, with but slight interruptions, 
almost up to the end of the Eocene period. It is in the zone 
of deep-water deposits that began to be formed on the floor 
of this Central sea at this time that the materials for the 
geological history of those regions are preserved for the long 
succession of ages, from the beginning of the Permian to the 
middle of the Eocene period, constituting the great Arj'an 
era of Indian geology. 

Tho nature of [Ihirtions of the sea-lloor suhsidiii}! in the form of long narrow 
troughs foncurrently with the de|io.sition of sedimeiit.s, and thus 
**' ])ermitting an immense thiekiie.ss of dee])-water deposits to be 

laid down over it without any intermi.ssion. are called Geosyndines. 
It is the belief of some geologi.sts that the slow continual submer¬ 
gence of tin' ocean bottom, which renders possible the de))Osition 
of enormously thick sediments in the geosynclinal tracts, arises, 
in the first instauee, from a disturbance of the isoslnlic conditions 
of that part of the crust, further aeec'ntuated and enhanced by 
the constantly incri'iising load of sediments over localised tracts. 
The adjacent ari'as, on the other hand, which yield these sediments, 
hav(> a tendency to rise above their fi>rmer level, by reason of tho 
constant unloading of their surface due to the continued ex- 
posiiri! to the denuding agencies. They thus remain the feeding- 
grounds for the sedimentation-basins. This state of things will 
continue till gravity has restored the isostatic e(iuilibriuin of tho 
region by a sulHeient amount of de|)osition in one area and denu¬ 
dation in the other. At the end of this cycle of ])rocesses, after 
prolonged intervals of time, a reverse kind of movement will 
follow in this fh'xible and comparatively weak zone of the crust, 
compressing and elevating, these vast |)iles of sediments into a 
mountain-chain, on the site of the hinner geo.syneline. 

(ieosynelines are thus long narrow portions of the earth’s outer 
shell which are relatively the weaker parts of the earth’s circum¬ 
ference, and are liable to jreriodic alternate movements of depres¬ 
sion and elevation. It is such areas of the earth which give rise 
to the mountain-chains when they are, by any reason, subjected 
to great lateral or tangential compression. Such a compression 
occurs, for instance, when two large adjacent blocks of the earth’s 
crust—horsts- are sinking towards the earth’s centre during the 
secular contraction of our planet, consequent upon its continual 
loss of internal heat. The bearing of these conceptions on the 
elevation of the Himalayas, subsequent to the great cycle of 
Permo-Eocene deposits on the northern border of India, is 
plausible enough. The Himalayan zone is, according to this view, 
a geosynclinal tract squeezed between the two large continental 
masses of Eurasia and Gondwanaland. This subject is, how- 
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ever, one of the unsettled problems of modern (reology, and one 
which is yet suhjmdfe, and is. therefore, 
quite beyond the scope of this book.] 

Tlie records of the Himnlayan 
area which we have now to study 
reveal an altogether different geo¬ 
logical history from what we have 
known of the (iondwana sequence, 
i It is e.ssentially a history of the 
f oceanic area of the earth and of the 
f evolution of the marine forms of life, 
Z as the latter is a history of the con- 
^ tinental area of the I'arth and of 
X the. land gtlants and animals that 
% inhabited it. This diiTereiwe eni- 
i phasLses the distinctio)i between the 
'■ stable mass of the Peninsula and 
i the flexible, n'lativelv nmeh weaker 
f exIra-Peninsular area .subject to the 
Z periodic movements of the crust. In 
? contra.st to the Peninsular horst, the 
^ latter is calleil the geosyncli?ial area. 

Tim Ui)per Carboniferous and 
i Permian systems are found ))erfectly 
" develoi)ed in two localities of e.xtra- 
f s Penin.sular India, one in the western 
I ; part of till' Salt-Hange and the other 
i in the northern ranges of the 
? ~ Himalavas. 
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5 After the ,Salt-pscudomorph shale 
I of the Cambrian age, the next series 
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Salt-Range, in common with the Peninsula, remained a bare 
land area exposed to denudational agencies, but, unlike the 
Peninsula, it was brought again within the area of sedimenta¬ 
tion by the late Carboniferous movements. From this period 
to the close of the Eocene, a branch of the great central sea to 
the north spread over this region and laid down the deposits 
of the succeeding geological periods, with a few slight in¬ 
terruptions. These deposits are confined to the western 
part of the Range, beyond longitude 72° E., where they are 
exposed in a series of more or less parallel and continuous 


Mt Sakesir 
30 to 
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and IVriiiiun ruckM. 

Wyime, '* Salt-Knnki'/’ Geoloi/ienl Survfy of India, mA. xiv. 


outcrops running along the strike of the range. In the 
eastern part of these mountains, Permo-Carboniferous rocks 
are not met with at all, the Cambrian group being there 
abruptly terminatt'd by a fault or great throw, which has 
thrust the Niimmulitic limestone of Eocene age in contact 
\vith the Cambrian. 

The Permo-Carboniferous rocks of the western Salt-Range 
are a thick series of highly fossiliferous strata. A two-fold 
division is discernible in them; a lower one composed of 
sandstones, and an upper one mainly of limestones, charac¬ 
terised by an abmulance of the brachiopods Productm, and 
hence known as the Productiis limestom. The Productus 
limestone constitutes one of the best developed geological 
formations of India, and, on account of its perfect develop¬ 
ment, is a type of reference for the Permian system of the 
other parts of the world. 

The table below shows the chief elements of the Permo- 
Carboniferous system of the Salt-Range : 
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PndMtai 
limaione 
(600 ft, 
maximum / 
thickueas). ■ 


tChidtru Stage Marla and aandatonce. 
Upper \Kundghat „ Sandatones with 


100 ft. 


Ijflhi 


(Kalabagh 

Middk I 
300 ft. 1 

I Viri 


Lower 
100 ft, 


irgal 

[Kalla 

Amb 


Spechled 
eandslonea 
{600 ft. 
maximum 
thickncaa). 


Speckled miidalaiies, 
300 ft. 


Boulder bed, 
100-200 ft. 


Belltrophont. 

Sandy limeatunea. 

Crinoidal limeatoiiea 
with maria and dulo- 
mitea. 

t’hcrty limeatonea. 

Aivnaceoua limc- 
atcinea and caka- 
reoua aandaUmra. 

Calcan'iiua aandatonoa. 


ClavK, gray and blue. 

Muttli'd aaiulKtoiuw, 
lower part foaaili- 
feroua. 

iilaciated liouldera in 
a line matrix. 


Upper 

Permian. 


Middle 

Permian. 


Perrno- 
('arboni- 
feroiia. 

UpiH-r 

Carooiii- 

ferouB. 


The. basement bed of the series is a boiilder-conglomerate 
of undoubted glacial origin, which from it.s wide geographical 
oceunence in strata of the same horizon, in such widely 
separated parts of India as the Salt-Range, Rajputana, 
Orissa and various other localities wherever the Ijower Gond- 
wana rocks have been found, has been made the basis of an 
inference of a Glacial Age at the commencement of the 
Permian period throughout India. The evidence for this 
inference of Permian Ice .\ge in India lies in the existence 
of the characteristic marks of glacial a< tion in all these areas, 
viz. beds of compacted “ boulder-clay ” or glat-ial drift, 
resting upon an under surface which is often sharply defined 
by being planed and striated by the glaciers. The most 
.striking character of a boulder-clay is it.s heterogeneity, both 
in its component materials, which have been transptjrtfsi 
from distant sources, and in the absence of any assortment 
and stratification of these materials. Many of the boulders 
in the boulder-bed of the Salt-Range are striated and polished 
blocks of the Malani rhyolites of Vindhyan age—an important 
formation of Rajputana. These are intermixed with smaller 
pebbles from various other crj’stalline rocks of the same 
area, and embedded in a fine dense matrix of clay. Besides 
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atriations and poliahing, a certain percentage of the pebbles 
and boulders shows distinct “facetting.” The Aravalli 
region must have been the home of enormous snow-fields 
nourishing powerful glaciers at this time, as the size of the 
boulders as well as the distances to which they have been 
transported from their source clearly testify to the magnitude 
of the glaciers radiating from it. 

iioiildcr-heds similar to that of the Halt-Range, and also 
like them composed of ice-borne boulders of Malani rhyolites 
and other crystalline rocks, are found in Rajputana in Marwar 
(Jodhj)ur State) and are. known as the Bap and Pokaran beds, 
from places of that name. At the latter place there occur 
typical m'hcs nioiilonni'cn. 

The boulder-lx'd is overlain by a group ol' inaiine sandstones 
I forming the lower part of the Speckled sandstone aeries desig¬ 
nated as the t’oniilaria lasls, because of their containing the 
fossil Voniihiriii enclosed in calcareous concretions. The genus 
(Umuhn-M is of doubtful systematic position and, like Ilyo- 
lilhcs^ is relerred to the Pt(TO])oda, or at times to some other 
sub-oider of the Coistropoda, or even to sona" pi’imitive order 
ol th<‘ (-ephalopoda. A.ssociated lossils are. /Vcaro/owiarta, 
iittccftnKi, SuvHht, (Jliotti'U's, tivtculopccicTtf etc 

1 hese iossds are t)t interest becan.se ol their clo.se sirnilaritv 
to the fauna of the Permo-(’arbonii'eron.s of Australia, which 
also contains, intercalated at its base, a glacial formation in 
every res])ect identical to that of the Talchir series. The 
Conularia beds are succeeded by a series of mottled or speckled 
sandstones, from :100 to 51)0 feet in thickness, interbedded 
with rod shales. The whole pou]! is current-bedded, and 
gives evidence of deposition in shallow water. From the 
mottled or speckled appearance of the sandstone, due to a 
variable distribution of the colouring jiero.vide of iron the 
group is designated the Sjiedleil xanilslone-'). 

This group is conformably overlain by the Productus lime¬ 
stone, one of the most important formal ion.s of India, and 
one which has received a great deal of attention from Indian 
geologists, being the earliest fossiliferous rock-system dis¬ 
covered in India. It is e.xposod in a scries of fine cliffs near 
the Nilawan valley, and thence continues westwards along 
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the Salt-Range right up to the Indus gorge, beyond 
which it disappears gradually. The best and the most 
accessible outcrops of the rocks are in the Chideru hills in 
tlie‘*heighbourhood of Musa Khel, west of the Son Sakesar 
plateau. The greater part of the Productus limestone is a 
compact, crinoidal magnesian linie.stone sonietinie.s |)a,ssing 
into pure crystalline dolomite, a.ssis iated with beds of marl 
and sand.stoncs. It contains a rich and varied assemblage of 
fossil brachiop(xls, corals, crinoids. gnstrop(«ts. lamellibranchs. 
cephalopods and plants, constituting the riche.st I'pper 
Palaeozoic fauna uiiywhere discovered in India, to which the 
faunas of the other homotaxial deposits are referred. On 
palaeontological basis the Productus liine.slone is divided into 
three sections : the Lower, Middle anil l']iper. 

With the lower beds of the Lower Proiluctus limestone 
there eomes a sudden ehange in the character of the sediments, 
accompanied by a more striking changi' in the facies of the 
fauna, almost all the species of the Speckleil sandstone group 
disappearing from the overlying groiiji. It is composed of 
soft calcareous sandstones, full of fossils, with coal-partings 
at the base. It includes two .stages : the lower, more arena¬ 
ceous stage is well .s<‘en at the .\tnb \illage. and is known as 
the Amb beds, and the up]ier calcareims stage is known as 
the Katta beds. 

The Middle is the thickest and most characteristic ]iart of 
the Productus limestone, consisting of from 20() to .'ItKi feet 
of blue or grey limestone, which forms the high precipitous 
escarpments of the mountains mar .Musa Kliel. Dolomite 
layers, which are freipient, are white or cream-coloured, and 
from the greater tendency of dolomite to occur in crv.stulline, 
form they are much less fo.ssiliferous owing to the obliteration 
of the fossils attending the recrystallisation jirocess. Marly 
beds are common, and are the best re|)osilories of fossils, 
yielding them readily to the hamimr. The limestones are 
equally fossiliferoiw, but the fossils are very dilSeult to 
extract, being only visible in the weathered outcrops at the 
surfaces. Many of the fossils are silicified, especially the 
corals, Flint and chert concretions are abundantly distri¬ 
buted in the limestones. This division also includes two 
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stages, Virgal and Kalabagh, the lower part constituting the 
former stage and the upper tlie latter. 

The Upper Productus group is much less thick, hardly 
reaching 1(K) fe(‘t at place.s. The group is more arenaceous, 
being composed of .sandstones with carbonaceous shales, 
with suborilinatc' bands of limeslonc and dolomite. Silica 
is the chief petrifying agent here" also. Fossils are numerous, 
but they revi'al a .striking change in the fauna, which 
separates this group from the ]m'ce<ling group. The 
most noteworthy feature of this cliangi" is the adv'ent 
of cephalopods of the order Ainmumvilm, repre.sented bv 
a number of its primitive gei\era. The topmost stage of 
the Upper Productus forms a se))arate stagi' bv itself, known 
as the Chideru beds. They show a marked palaeontological 
depart lire from the iniderlying ones in the greatly diminished 
nninber of brachiopoils and the increase of lamellibranchs 
and cephalopisls. They are thus to be regarded, from the.se 
peculiarities, as a .sort of transition or '• pa.ssage beds ” between 
the Permian and the. Triassic. The Chideru beds pass con- 
forinably and without any notabh' changi' into a series of 
(Vra/dc-bearing beds of Lower Triassic age. 

Productus The tollowing is a list of the more characteristic genera 
fivimn. belonging to the Productus limestone. Many of 

the genera are represented bv a large miniber of species : 

Upper Productus: (.\nimonite.s) .Veaw/iWaw, Ci/dolobus, 
Mcilhcotlill. Airexh'.i, AiiijiHrnin ■, (Brachiopoils) Pro- 
ihiiiii.i. Oldhum inn : (Gastropods) Jielli’roplum, etc. ; 
(Lamellibranchs) Sidiiziidiin : (Polyzoa) Pnlnlis, Si/no- 
clmlia, etc. 

Middle Productus : (Braidiiopods) Prndurtus. Hpirifer, Spiri- 
fi'riiiu. Alhi/ris. Li/lloniu. Oldhnmimi ; (Lamellibranchs) 
Oj'ijlomn. P.ii'iidomonoli.i ; (I’olyzoa) Feni'slelln, Slem- 
jxirn, Thurnnkriis, Aatntlmcladin ; (Worm) Spirorbii ; 
(Corals) Znphn’idL't, iMixdulfiu : (t'tastropods) Mnero- 
c/it'ilim ; (Cephalopods) Nniilihiii. Orlhocfrus. 

Lower Productus : Prodiicliis {P. corn, P. linunliiii. P, semi- 
retiriilaliis, P. spiralis). Spirifer, Spirijerina, Athyris 
Royssi, Orthis. Reticularia, Richlnfenia, Marlinia. 
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Diaksiha. Stre}^orhj>ichis ; (Foraniinifi'rs) Fusiiliim, 
Schmfferina. 

[Besides these mentioned ahove. tlie (ollowinu fossils also are 
characteristic of tdie Salt-Hanjre I’rodiictus limestone : 

Gastropods; Enomplmlus, Mderdclicilux, .VotiVo/is/s, /‘/ki.iiviiiIIii 
Pknrotoiiiiiriii. Miircliisonin. /hf/miyi/me (/facemoti. Shii'li- 
clla, EuiiIiciiiks. and several other e,.|n ra of tin' fannlv 
Helli'roiilioiiliJdc) . ////of itlnui. 

liamellibranchs : i'lintiiiiitufjilui. ('iuiIuiki. ,s'<7o;oifi(s, 

.4 vkiiUipicleii. 

Brachiopods : These are the most alnindaiit, Imth as recatds 
species and individuals. Ilidhsuin is lepresioited hv ten 
s|)eeies. .Vo(o//ii/rfs (eielit species), A///to/oi( (lliree species), 
('((HO() 0 /l//or»( (live species). .S/io a/cn7/o (ten species). 
Alliiinx (ten s]ieeies), Sinnfir (eichl spis ies), .l/or/iii/op.o.s, 
lliitt'ifhiiiu, Oiilna, Sl^i'litoi'hifiirhus, 

Dirhci/m (eieht species), /.eptoi/io, Clininifs (loiirleen 
species). Sti'diiltiildsin, EnKhitlns (lifteeii species), and ,1/or- 
(jiiiifi'rii. 

Polyzoa : 1‘iAiiliorit. (tiniifnhiildi, Tiiniittnyviis. 

Orinoids: I’olerioirinux. I’liitnciinux. ('•/'itlmiriims. e|e. 

Corals; Mirlnliiini. .st(;.o/c<ro. Alii' 

ph'XUti, Ziipln'ntlis, f 7c'So///////////e. 

Ganoid and other fishes. Plants, etc. | 

The Prodnetus fauna sinnv.s several inleresliiio peenliaritica. 
While the fauna as )i whole is deciileilly I’ermian. the |jre.seriee 
in it of several genera of true .4mi/»uo7c.s and of a lanielliliranch 
like Oxi/tonin anil a yavlihix speeie.s. which in other parts of 
the world are not met with in rocks older than the Trias, 
gives to it a somewhat newer aspect. The most noteworthy 
peculiarity, however, is the as.soeiaiion of such eminently 
Palaeozoic fotm.s as Pmhicliin, Spidfi't. Alli>ins, IMkinplinn. 
etc., with cephalopods of the order ,l/»«ionoii/''ii. .Ml lorins 
which can be regarded as transitional between the goniatites 
and the Tria&sic ceratites are found, including true ammoidles 
like Cydolobiis, Medlicoltui. PojuiiKiirnis. AV/iw/i.stm.s, Arct-.sle.s, 
etc. Some of these possess a simiile |iattern of sulure.s le- 
semblbig those of the Gnniatilen (sharply folded) or (.'li/rn-enki 
(simple zig-zag lobes and sadilles). while otliei.s show an 
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advance iti the c()ni|)l(>x'ity of the sutures approaeliing these 
of sdiiie Jlesozoie genera. 

I’rodiiefus liine.stone group is, from fossil 
systi'iimor evidence, tlie exact hoiiiotaxial ei|uivaJent of what is called 
Iriilia. 111 ,. " Aiithracolithic’■ (or I’ernio-t'arhoiiifcrou.s) formation of 

various other |)arls of India viz. Kashmir, S|)ifi and NortluTii 
Jlimalavas gcncrallv, and the Shan States of Hurma. The 
term “anthnicolilhic " is ii.sed by .some authors as a convenient 
term to ex|irc.ss the clo.sciv connecti'd Carbeniferous and 
I’crmian .systems of rocks and hissils in the,s(“ parts of India. 
Moth these .systems exhibit, in the various Indian provinces 
mimisl above, an intimate stratigraphic as well as palaeonto¬ 
logical connection with one another, anil it is dilllcult to 
separate the topmo.st member of the Carboniferous from the 
bottom of t he I’ermian. 

II. THE PERMO-CARBONIFEROUS SYSTEMS OF 
THE HIMALAYAS 

The Himalayan representatives of the Mrodnctns liine.stone 
are developed in the northern or Tibetan zone of tln> lliina- 
layas along their whole length from Kashmir to Kumaon and 
probably beyond. They are ilis|ilayed ty|)ieallv at two 
localities, Spiti and Kashmir, where they have been studied 
in great detail by the Geological Survey of India. 

Spiti. 

In ('hapter VIII. we have followeil the I’.ilaeozoie serjuence 
of the area up to the Kenestella shales of the I’o .series. Re,st¬ 
ing on the lop of the Kenestella shales, in our tvpe sections, 
but at other places lying over bisis of varying horizons from 
the Silurian to the Carboniferous, is a conglomerate laver of 
variable thickness, belonging in age to the I’ppi'r Carboni- 
ferou.s or Permian. This conglomerate, as has been .stated 
before, is an important ihiliim-line in India, for it is made 
the basis of the division of the fossilifermis rock-sv.stem of 
India into two major divisions, the Dravidian and Arvan. The 
.\rvan era, therefore, commences in the Himalayas, with a 
basement conglomerate, as it commenced in the Salt-llange 
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has yielded most to the severe flexures and compression 
of this ])art of the mountains and suffered a greater degree 
of crushing than the more rigid strata above and below. 
(See Plate VHI. facing p. 100. also Plate XIl. faeiiig 
]). loO.) Tfie fossil oiganisms entombed in the shales include 
characteristic Permian tirachiojjod species of Proiliidm (P. 
fnnhmi), f^pirifer {S. miiiidkheijli'niiiji, S. Rajah, and five 
other species), Hpirit/rra, Dialcxaai, Martiaia, Marginifera 
(d/. lliaailagfnniti) and Choaelcu. Of tliese the species 
Splrifer Rajah and Margiaifera lliaailageasiit ar(> highly 
cliaracteristic of the Permian of the Central Himalayas. In 
some concretions contained in the black shales are oncloited 
ammonites like Xeaanpifi and ('gdaloba.t. The Permian rocks 
of the Central Himalayas have been also designated as 
the Killing system from a locality of that name in the Spiti 
valley. 

Dr. iraydcn gives the following scipience of Permian strata 
in the Kpiti area : 


Lower Trias. 


OaM'ira‘< /.one of Lower Trias. 


. Prodiictu.s stialcs : Iriack or lirown siliceous shale 
with A’f/ci.sfu'.s, ('iiduliihiix. MarijiiilJira lliina- 
Permian. 1 lai/t'nxix. etc. 

I Cah'areous saiuistiuie witli Sjiiriftr. 

(irits and (|iiart/iles. 

(.'ongloiiierati'S (varying in thickness). 


Upper Carboniferoiu. 


Feiiestella slnites of INt .series. 


The Productus shale.s tire succeetled by a group of beds 
characteriseti by the prevaleticc of the Triassie ammonite 
Otmras, which denote the lower botindary of the Trias of 
the Himalayas, one of the most important and conspicuous 
rock-systems of the Himalayas from the Pamirs to Nepal. 

The strata above described mark the beginning of the 
geosynclinal facies of deposits constituting the northern or 
Tibetan zone of the Himalayas. As yet the strata are com¬ 
posed of shales and sandstones, indicating proximity of the 
coast and comparatively shallow waters, but the overlying 
thick series of Triassie and Jurassic systenus are wholly 
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(•()nstitut(“«l of limostoiies, doloiniti's and oakamnis slialos of 
preat thickness, giving evidence of tin' graduai deep<'ning of 
the ocean bottom. 

Kashmir. 

fn keeping with the rest of the Palaeozoic svstcm.s, the 
Permian Is develojied on a largi' .scale in Kashmir. A. most, 
interc.sting cm'umstan'cc in connection with flic Permian of 
Kashmir is the association of both the (iondwana facies of 
(Inviatile depo.sits containing ferns like (Idiiijniiioplcris and 
and the marine facies containing the characteristic 



I' l'i !>*. p-' k'Ilf (If N, ■'ll,lu Mali '. 

I. v.'iir-s (r.imliri;»ni 

J uii'l ii. Ntiiiiiukuiit:> i M'l i*'.' (< tr<lii\ i' hui.i. 
t Xaiii-liiiii bi‘i|« iSilmiaii'. 

riali'aij liiii' (|V'\.nii.iii au.l l’< mu-i i iirlMiiil' rcit') 

*■>, Im .b (I jii-'f Trias-I. i. 

I-a ■li.'ii' ip-. Mtiii. xwiv. j'f.ini;{ 

fossils of the age. The (iondwana beils (known as the 
tniiiiteris Ms), which are the local repri'sentativesof theTalchir 
serie,s of the Peninsula, are overlain by the marine Permian 
beds (Zewan series), containing a brachiopod fauna identical 
in many respe,cts with that of the Productus limestone. 
(Chap. XXVII. ]t. :!01.) 

Burma. 

We have seen in Chapter VIll. that there is in U))|>cr 
Burma (Northern Shan States) a conformable itassage of the 
Devonian and Carboniferotia to strata of the Permian age in 
the great limestone formation constituting the upper jiart 
of what is known there as the Plateau limestone. (,Sce 
also Fig. 10, p. 10.3.) In the upper beds of these litne,- 
Btoncs there is present a fauna of brachiopods, corals, 
polyzoa, etc., which show close relations to the Productus 
limestone of the Salt-Range and the Productus shales of 
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th<! Spiti Himalayas ami tlm Zewan sories of Kashmir. From 
thcHo marked affinities between tlie Jiomotaxial faunas, Dr. 
Dicner, the author of many palaeontologieal memoirs on 
the faunas, considers all these regions as belonging to the 
same zoo-geographical province. 

The Permo-Carboniferous rocks of Burma eontam two 
foraminileral lime.stones: the Fusulina limestone and the 
Sehwageiina limestone, from the ]ire))onderance of these two 
genera of Carboniferous foramitiil'ers. 


HKt’KKKXCKS 
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The I'nidiict h.s hliairs (Kiiliiij; sv^ti'iii) <i( tin’ lliiiiulayiis 
and llic Clddi'ril sla>;r (if ilia I’piduc!us liiucsliuii' (if llic Sall- 
Haiif'c arc succccilcd liv a niurc ur less (•(iiii]ilcli‘ dcvclii|i- 
iiiciil Ilf the Triassic svslciii. Tlic |iassaf;c in Imlli eases is 
(juite ediifunualile and even Iraiisinuiial. nii |ili\sieal lii'eak 
ill the ciiiilimiily iif (le|iiisits lieiiie dliseivaliie in the sei|ueuee. 
The Triassic svstem (if the lliiiiahixas. Iiiilh he reasiui iif its 
eni riudiis develojimeiit in the iiurtheni ei-iisyiieliiial zone as 
Will as the wealth (if its eiuilaiiieil faunas, nmhes a ((in- 
siiieudus lauiiiiiark in the hi.stnry ul the llnualayas. The 
aliuudanee of its (•e]ihald|i(idaii fauna is silidi that it has heiui 
tin* means (if a toiiu/ elassilicatinn ni the system ['.otws 
are griiiips nf strata nf varialile thickness, hut distiiifiuisheii 
hv the e.'Celusive iicetirreuee. nr |ire(hiiuinance, nf a |iarlieular 
s|ie('ies, the ziilie beinH desienaleil hy the uaiue (it the s|ieeies). 
In S)iili, Uarhwal and Kuiuann. and nu the unrlh-west 
e.xteusidii (if the same, a.xis iu Kiushinir, the Trias attains ti 
(|eveld|)ment nf nwre than titHlIt leet. enntainiiit; three well- 
inarkeil stih-ilivisidns. edrres|i(in(iiue resjiei-tivele tn the 
Hunter, .Mus( helkalk and Keu|ier nf Kuiiijie. 

Other refiidns where the Trias ll(l■nrs. either edni|ileteiy 
(levehijied (ir in .siime nf its (livisinns. are the Salt-Han^e. 
HaluelvLstan and Hiirina, In the Salt-Rany'e the Tria-ssie 
system is t'liidined tn the Lnwer Trias and the Inwer part 
(if the Middle Tria.s. while in HalnehLsIan and Burma it is 
(•(infilled td the Up)ier Tria.ssie .staites ‘inly. In the twn latter 
uri'as it assumes an aririllaecdus facies nf shales and slates, 
whereas in the irimalavan repinn the system is entirely 
CdiiiposMl of lime.stoiie. (Idldmiles and ( alearedtis shales. 
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[With the Trias we enter the Mesozoic era of geology, and before 
wo proceed further we might at this stage enquire into the basis 
for the classification of the geological record into systems and aeries, 
and consider whether the interniptions or “ blanks ” in the course 
of the earth’s history, which have led to the creation of the chief 
divisions, in the first instance, in some parts of the world, were 
necessarily world-wide in their effects and applicable to all parts 
of the world. 

In Europe the geological record is divided into three broad 
sections or groups : the Palaeozoic, Mesozoic and Cainozoic, repre¬ 
senting three great eras in the history of the development of life 
on the earth, each of which is separated from the one overlying 
it by an easily perceptible and comparatively wide-spread physical 
break or “ unconformity.” Whether these divisions, so well 
marked and natural in Europe, where they were first recognised, 
are as well marked and natural in the other parts of the world, 
and whether these three, with their sub-divisions, should be the 
fundamental periods of earth-history for the whole world is a 
subject over which the ojunion of geologists is sharply divided. 
In the geological systems of India, as in the other regions of the 
earth, although the distinctive features of the organic history of 
the Palaeozoic, Mesozoic and Cainozoic are clearly evident, as we 
ascend in the stratigraj)hic scale, we cannot detect the sharp 
breaks in the continuity of that history at which one great time- 
interval ends and the other begins. Just at these parts the geo¬ 
logical record appears to be quite continuous in India, and any 
attempt at setting a limit would be as arbitrary ns it would be 
unnatural. On the other hand, there are great interruptions or 
“ lost intervals ” in the Indian record at other stages (where the 
European record is quite continuous) at which it is much more 
natural to draw the dividing lines of its principal divisions—the 
grmi jis. As we have already seen, SirT. H. Holland has accomplishi^ 
this in his scheme of the classification of the Indian formations. 
Though generally adopted in India, and best suited to the rather 
imperfect charactei of the geological record as preserved in India, 
such a classification and nomenclature may not be acceptable 
to those geologists who hold that the grand divisions of geology 
are universal and applicable to the whole world. The subject is 
difficult to decide one way or the other, but for the information 
of the student the following view, which summarises the arguments 
of the former class of geologists with admirable lucidity, is given 
verhatim from the works of Professors T. C. Chamberlin and R. D. 
Salisbury:' 

“ We believe that there is a natural basis of time-division, that 
it is recorded dynamically in the profounder changes of the earth’s 
history, and that its basis is world-wide in its applicability. It 


> Admiued Otology, vol. iii. *• Earth History.” 
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is emressed in intenuptions of the course of the earth’s history. Il 
caii hardly take account of all local details, and cannot be applied 
with minuteness to all localities, since peolojiical history is n(>ces- 
sarily continuous. But even a continuou.s liUtorv has its times 
and seasons, and the pulsations of history arc the nuttiral hasis 
for its divisioms. 

“ In our view, the fundamental basis for neolojiie time-divisions 
has its seat in the heart of the earth. Whenever the aeeumulated 
stresses within the body of the earth overmatr h its elleetive 
rigidity, a readjustment takes place. Tlie deformative movements 
begin, for reasons previously .set forth, with a ih'pre.ssion of the 
bottoms of the oceanic basins, by which t licit eajiaeity is in¬ 
creased. The e])ir,ontinental waters are correstiondingly with¬ 
drawn into them. The effect of this is practically universal, 
and all continents arc affected in a similar way and simultaneously. 
This is the reason why the elassilicalion of one <-ontinent is also 
applicable, in its larger features, to another, tlmngli the eontigura- 
tion of each individual coutiiieiit niodilies the result of the change, 
so far as that continent is eoneerni'd. Tlie far-reaching efleets of 
such a withdrawal of tlie sea iiavi- been indicated ri'pealeilly in 
preceding pages. Foremost among these effeeis is the iirofound 
influence exerted on the evolution of the sliallow-water inarine 
life, the most constant and reliable of tlie inetins of intereontinentiil 
correlation. Second only to this in iinporlaiice is the inffuence 
on terrestrial life through the eomieelions and diseonnections 
that control migration. Springing fomi the same deformative 
movements are geographic and topograiiliie changes, HffiH.'ting 
not only the land, but also the sea currents. These changes affect 
the climate directly, and by aceelerating or retarding the chemical 
reactions between the atinosiiliere, iiydrosphere. and lithosphere, 
affect the constitution of both air and sen. and thus indirectly 
influence the environment of life, and through it, its evolution. 
In these deformative movements, therefore, there seems to iis fei 
he a universal, simultaneous, and fundamental basis for the sub¬ 
division of the earth’s history. It is all the more cfleetive 
and applicable, because it controls the progress of life, which 
furnishes the most available criteria for its application m detail 
to the varied took formations in all ipiarters of the globe. 

“ The main outstanding ipiestion relative to this ciswineatmn 
is whether the great deformative movements arc periodic rather 
than continuous, and co-operative rather than compensatsiry. 
This can only be settled by comprehensive investigation the 
world over; W the rapidly accumulating evidence of great base- 
levelling periods, which require essenlial freedom mun serema 
bodv deformation as a necessary condition, has a trenchant bear' 
ing on the question. So do the more familiar evidences of great 
sea transgressions, which may best be interpre^ as eonsequ^ence 
of general base-levelling and concurrent sea-filhng, abetted by 
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Tlu'TriasHii* 
Hv^loiii of 
ISpiti. 


coiitinpiital creep duriiij; a long stage of body quiescence. It ia 
too early to attirin, dogin.'itically, the dominance in the history of 
the earth of great deforinative movements, separated by long 
intervals of iwsential (piiet, attended by (1) base-levelling, (2) sea- 
filling, ('A) eiiiitinental ereei), and (1) sea-transgression ; but it 
recpures little jirophetie vision to see a probable demonstration of 
it in tin' near future. Subordinate to these grander features of 
historical ])rogress, there are innumerable minor ones, some of 
which appear to be rhytliinical and sy.steniatie, and some irregular 
and irreducible to order. These give rise to the local e]toehs and 
e|iis(]deM of earlh-liistory. for which strict intercontinental 
eorrelalioii eamiol. be hoped, and which must be neglected in 
the general history as but the individualities of the various 
pnivinei's. 

'■ The [M'l-iods which have been reeognizi'd in the I’alaeozoic and 
Mesozoic, ehielly on the basis of Knropean and .American pheno¬ 
mena, seem to us likely to stand for (he wIujIc world, with such 
emend.ilicpiis as shall l•oml' with widening knowledge,''] 

Trias of Spiti. 

T'riassie lateks art' develope<l ahmg tin* whole northern 
boundary of the Ifinialavas. eonsliluting the great scarps of 
tin' ])hileau of Tibet, but nowhere on such a .scab' of perfec¬ 
tion as ii\ Spiti and the adjoining provinei's of Garhwal and 
Kuinaon. (See Figs. U, 17 and IP.) A iierb'ct section of 
tlu'se rocks, showing the relations of the Trias to the svstein 
below and above it, is e.\])osed at Lilang in Spiti. From this 
circumstance the term Lilang .system is u.sed as a svnonvm 
for the Triiussic sy.slem of Spiti. 

Till' conijxnient members of the system arc' jcrincipally 
dark-coloured limc'.stones and dolomite's, with intercalations 
of bhu'-colotired shah's. Tlie colour, tc'.xlure. a,s well as the 
whole aspect of the linmstone, remain uniform over enormous 
distances without showing local variations. This is a proof 
of their origin in the clear deej) waters of tlie sea free from 
all terrigiuous sediments. The' rocks are richly fo.s,silif('rous, 
at all horizons, a circumstance which permits of the detailed 
classiUcatioii of the system into stages and zones. Tlie 
primary division of the Himalayan Trias is into thrc'c series, 
of very unt'citial dimensions, which, so far as they denote 
intervals of time, are the e.xaet homolaxial equivalents of the 
Hunter, JIuschelkalk and Keujter series of the European 
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[Alpine) Trias. The followiiij^ section from l>r. Havtlen’s 
Mtfuoir uMves a clear iih*a of the classiHcation of the svstem : ' 

Jurassic: (!tl);u‘lu- 


Keuper. 
:Jsoo ft. 


Muschelkaik. 
m ft. 


Buoter. 
50 ft. 


with and linii‘>tom>: Lliitn, 

rn. 

■* Mutinlis slialf " ; sandv and .'•lialv limn: tom*. 
Cur.'d liiiinstiim’. 

Jiir<tvit*s Iwds : Muid-'tonr.'. .''liali's uiul liiin‘.‘^louf>. 
Tnifiift.^ !»«'d.«i: diilumiti'- limnsloiin and ^l!alns. 

• io'V .chains: shaly lMin‘Ht<inn and ^hali-s witli 
Sfiirif* riim. Hh<fiU-hiin>lUi. Tntihi/r, ms, rtc. 
H'lh'luii ln'd'': lial'd <laik liiiii.'tt'ia’ witli Hnlitfnn, 
Aro >/'I tn. 

fll'i limi‘>l"n«*: Iliin lil.'ick linn->t(ini with 
sliah'S, Ihidiiill'i. I'iifftiu <. 
ldmn.«t«)nn uitli M>ni irtiiins. 

(in*y limnstnni* witlt ('• n!l'l>>. Sthirifis, ••u-. 
Ni)cliiiai' limi‘>t<iin‘ (.\ili liiU' 't an ,' 

Nodular liiim.'tiair. 

Liim^sUmn and ^ihah- with Ai iruf’ ix rl> n. 

//''/<■;/-./r';' 111 It /-'•m*. 

.1 //1 hin rff.v zoin*. 

Ofiftiri nil /otin. 

/on»‘. 


Permian: 


l*rodu‘'tU' .'iiali >. 


Tlte Jiower Trias is thin, in ciiinpati'on with the ntlim* two'irinHsic 
divisions of the sy>tcm, and rc.'t^ l•nnl'n|||la!)lv on tin* top 
of the Prodiictiis sliah*'^. The mcks an* comjiu.-nd of dark 
coloured shales and limnstoim. with an afmndant. annnonitn 
fauna, liesides those !iienti(»ned in the sntaion almvr. tljn 
foilowino o(..ut'ra arc important: 

TiroliteSy Ccriititr.s, huunhilrs. fh mnii/iliif, SiviihuiiiU's, 

with Pseudonmtodi. Hhffmhonelhf, Sjuriji fiiia and Rvhjn. 

'fhe middle divisioti is thiokiT, and lar^oly mad'- up of 
concretionary iimestonns. This division pos.^osses a 
jialaeontological inlnrest hecause of tin* rich MiLschclkalk 
fauna it contains, resembling in many r^^^]M•^'!s tlie Miiscliel' 
kalk of the Alps. Tin* mo.st typical hissil hdojigs to tin* 
genus Cerafites \ besides it t|n*re an- : (Ammonite.s) PtijchiUs, 

* **Geolo'.'y of Mnn. vo). .wwi. pt. I, p. an. 
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Triichjcfritx. Xrtmspl.t, MnwifiliyUiles, Gi/nDiilrs, Sliiria, Pnxtr- 
ceulcii, hi-iilili’.'i, ll:ilhiiiilil(n. Dtihiifiiiitrn, Udyikiiiles, Pintico- 
lliiihllinili's willi Xnii/ihi.-i {Sj/. Siiilieit.iix), Phvrit- 
vdiililux. Siiriniididiiililds ami Orlhdi-i-i'd.x. Thi“ bracliinpods 
arc Sjiirifi riiid ami Sjiiri(jetd ; Itddiwlld and Hdloln'd arc tlie 
Icadiiic Idvalvcs. 

Till' ii|i|)crimwt, divi.sidii (if the ’I’rias is liy far the thickest, 
and is ciimpiised nf dark shales and marl la'ds at the lower 



1, 'liai'S (|‘i riiiiiiiiL -Mii- )ii'lkalk. 

■J. i-.tw. r rria> 4. r|,,, r I'l i ts il..\M r part only). 

llivyilni, .Ifi'Mi. 1/ S, of \i.| \x\\i, pi. 1. 


part, and of thick limestone and diiloinite in the tipper, with 
an almmlant cephalopodan fauna, whose distribution often 
charactertses well inarkt'd zoiu^s, Xln* connuom'st fossils are 
ajiain: (.\mmonitea),/(K/iiHd(w, Hdlorili’x Tniflii/cerds, Tropiles, 
Jiiidflli's, Sdiii'iiill's, SiriniU's, Ildiiiidnles, (liiiiiiiilrs, Ptychites, 
(Iricslxirliill's. Lamellibranehs an' also numerous, the most 
eoininotdy occurring forms are Liiiw. DdotieUti, Halobia, 
Meydlishii. Momilis, Peclfn, Ai'icdtu. Vurbis, Mislioh, Mylihts, 
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Honmnya, Pleuromya, vrith the aihlitimi of the etirious genera 
Bmliuliles and iSphderiililris of tlie Riulishw family of the 
lamellibranelis. Tlie braeliioi»o(l.s are very lew. both as 
regards number and tlieir generie distribution. Iieing conlined 
to Spiriycm, Spiriferiim, lihyinhoih'll<t , and their allied forms. 

The Triassie fauna .show.s a marked advance on the fauna 
of the Product ns I ime.st one. The most jiredominani eh'inent 
of the former is eejdialopods. while that of the latter was 
brachio]iods. This is the mo.st noteworthv dill'erenec'. and 
signalisi's the e.xtinelion of large numbers of braehiopod 
families during the interval. This ehi-ss of the- .Molluseoidea 
entered on their decline sinci' the imd of the l’alae<p/oie era. 
a (hs’line which has steadily persisli'd up to the |)resent. 
During the Mesozoic era the braehiopods weri' rspresimteil 
by three or four genera like Ti-rihniliihi. Itliynilwiiflhi, 
SpiriyefiiM, etc. The place of tin' brachiojioils is taken bv 
the lamellibranchs. which have greatly increasi'd in gi'iu'ia 
and s])ccics. The cephaJopods. tin' most, highly organised 
mendrers of the Inv.Ttebrala. will heneeforth oecu|)V a [placi' 
of h'ading importance among thi' fauna of the succeeding 
Mesozoic .systems. 

Kashmir. 

As i.s generally the ca,se with the other rook .systems, the 
development of the, Trias in Kashmir is on mui li the same 
scale as in Spiti, if indeed not on a larger si ide. .A. thii-k 
series of compact blue lime.stone and dolomites is con¬ 
spicuously dis])layed in many of the hills bordering the 
valley to the north, while they have i-ntered largely into_the 
structure of the north-ea.st flanks of the Pir Panjal. 

Hazara (the Sirban Mountain). 

The Trias is found in Hazara oci'Ujning a fairly large area 
in the .south and south-east districts of this provirme, rest¬ 
ing unconformably on the great Devonian series of slati's 
and limestone, which have been jireviously referri'd to as the 
Infra-Trias. The Triassie .system of Hazara consists, at the 
base, of about 1(K) feet of felsitic or devitrilied acid lavas of 
rhyolitic composition, succeeded by a thick formation of 
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Mt. iSirlmn. 


The(‘on»Ul: 

lir(U. 


fosBilifcrouH limestone, in whicli tlie charactcrLstic Triassic 
fossils of the other Himalayan areas are present. The lime¬ 
stone is thickly bedded, of a grey eolour, sometimes with an 
oolitic st met lire. Its thiekne.ss varies from 500 to 1200 feet. 
Thi’se rocks form the base of a very complete Mesozoic 
seipienee in Hazara, similar in most respects to that of the 
geosynclinal zone of the Northern Himalayas, so typically 
disjilayed in the sections in the Spiti Valley and in Hundes. 

A locality famous for gimlogical .sections in Hazara is Mt. 
Sirban, a lofty hill lying to the south of Abbotabad. .Most 
of the forinations of Hazara are e.xposed w’th wonderful 


N.W. M( >)irbnil S.E, 



Klti. ::(i. I»iiii’r;iinin;iiif ^.I'l linti .if Mt. .sirliiin, U:iz:ir:i. 

I. SlAl.* (IMi.irwjir). ;!. Triti-. 

J, Imra-'lrl.i'i (Ih-M.iiiati ?), 1 . .hirti.« ri tti. r.ms, 

\lti'r .W.'Hftir, f.Vn/m/iV.f/ uf Inili'i, \x\i. 

clearness of detail, in a miniber of sections along its sides (.“ec 
Figs. 20 and 21). in which one can trace the whole strati- 
graiihic se(|uence from the ba.se of the Trias to the Num- 
miilitie limestone. I he sections revealed in this hill 
epitomise in fact the geology of a large part of the North- 
Mest Himalayas.' 

The Trias of the Salt-Range. 

The Trias is developed, though greatI)- reduced in its pro- 
porfion, in the western part of the Salt-Range. The outcrop 
of the system commences Ironi the neighbourhood of the 
t’hideru hills, and thence continues westward up to a great 
distance beyond the Indus. It ca|)s the uiiderlving Pro- 
duetus limestone, and accompanies it along a great length 
of the Range until the disappearance of the latter bevond 
Kalabagh. The Triassic develoi>ment of the Salt-Range 
comprises only the Lower Tria.s and a small part of the 
Miildle Trias in actual stratigraphic range, but these horizons 
* O.S.l. voi. ix. pt. 2. IST2. rikI M- m. G.S.I. vol. xxvi. 1896. 
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are completely developd, and they inclndt! all the ceplialoi'od- 
zones worked out in the corresponding divisions of the Spili 
section. On account of the abundance of the fossil anunonite 


genus Ceralites the Lower 
Trias of the Salt-Range is 
known as the Ceratite beds. 
The rix^ks comprising tlicTii 
are about a hundred feet ol’ 
thin flaggy limestone, which 
overlie the (jhiileru stage 
(jiiile conformably, from 
which al.so they are nu¬ 
dist inguishable, lithologically. 
Overlying beds are gri'.v 
limestones and marls, nodniar 
at places. Besides CcraliU's. 
which are the li'ading fossils, 
the other ammonites are 
I’li/chiten, Gyroniks, FL’tiiiii- 
yiles, etc. Fossil shells are 
found in largo numbers in 
the marly strata, of which 
the common genera are Cnr- 
dinia, Gervillia, Rhynrkiwll'i 
and TerebmUik. A very 
curious fossil in the Ceratite 
beds is a Bdkrophon of the 
genus SUichella, the last sur¬ 
vivor of the well-known 
Palaeozoic ga.stropod. The 
Ceratite beds arc succeeded 
by about 100 to 200 feet of 
Middle Trias or Mitschelkalk 
strata, composed of sand¬ 
stones, crinoidal limestone and 
dolomites full of cephalopods, 
whose distribution charac¬ 
terises zones corresponding to 
the lower portion Middle Trias 
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of iSpiti and Kashmir. Some of the clearest sections of tliese 
and voung(T Jlesozoic formations are to be seen in the gullies 
anil iiullalis of the C'hideru hills of the range. There is a deep 
ravine near Musa Khel, the Namal gorge, which has dissected 
tlie whole breadth of the inonntain from Namal to Musa Khel, 
and the section laid bare in its precipices comprehends the 
stratified record from the I’ermiaii to the Pliocene, with but 
few interruptions or gaps. As one walks along the section to 
the head of the gorge, one passes in I'cvicw the rock-records 
of every succeeding age from the I’lodnctus limestone, through 

Mouth of flavine B a /. A it a u i n e Ut>per waiers of tho 



Carhonifttoui friiis Jiirussic Nmniiiii'itir rvrfinnf Sniidstone fSlivaUb} N. 

fio. ‘.'J. tliroiiali tli<‘ n.'ikk UuvitK' from Musa Kli(‘l to Niimal. 

AiMiut ii.ttiirrti srrtli*.:{ 

Wyi'iif, '* Memoir, vol. xlv. 


the representatives of the Trias, .lura.s, Koceiie and Miocene, 
to the very top of the I'piier Siwalik boulder-conglomerates. 

After the Middle Trias there comes a gap in the contuiuance 
of the Salt-Range dejiosits, indicating a temporary withdrawal 
of the sea from this area. This cessation of marine condi¬ 
tions has pnidyced a blank in its geological history covering 
the Upper Trias and the early part of the Jurassic period. 

Baluchistan. 

In the Quetta and Zhoh districts of North Baluchistan 
outcii ps of Ttiassic rocks'apirear, which are marked by the 
exclusive prevalence of the uppermost Triassic or Ehaetic 
stage, no strata referable to the Lower and Middle Trias 
being found in this province. The rocks are several thousand 
feet of shales and slates, with a few intercalations of limestone. 
They contain the Upper Trias species of Momtis and a few 
ammonites like Didyinites, Uahrites, Rhacophylliles. 

The Trias of Baluclristan rests unconformably on an older 
foraminiferal limestone, Pusulina limestone, of Carboniferous 
age. 
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Burma. 

A very similar development of the Triassic system, also 
restricted to the uppermost (Rhaetie or Noric) horizon, occurs 
in the Arakan Yonia of Burma. The fossils arc a few ammo¬ 
nites and lamellibranchs, of which //olofito and Moimlis arc 
the most common. 

Also, what are known as the Napcng beds occur in a number .Vopcnij 
of scattered small outcrojis in the Xorthcrn Shan States. 

(See Fig. 18, p. 117.) The beds are com))oscd of highly argil¬ 
laceous, yellow-coloured shales and mails, with a few nodular 
limestone strata. The fo.ssils are Avicuhi contorta, Mi)oplioria, 
Gervillia, Pecten, Modiohpsis, Comairdiiim, etc. Although 
some of these ate survivals of Palaeozoiir genera, the other 
fossils leave no doubt of the Tria.ssic age of the strata, 
while the specific relations of the latter genera suggest a 
llhaetic age.t 


Karl Dicmr: " Tria-s of tlie lliamlava.s." .Mein. (i.S.l. vol. xxxvi. pt. 3, 
1912. 

Karl Dieiier; “ Tria.ssie Fauna of the Jliinalayas,’' I’al. Indiea, Seriiit 
XV. vol. ii. pts. 1 and 2 (1897). 

K. Mojaisovics: “ Cephalopoda of the l'p|X'r Trias," I’nI. Indiea, .Series 
XV. vol. iii. pt. 1 (1899). 

W. Waagen; “ Fos.sils of the Ceratite Iteils,” l‘al. Indiea, Series XIll. 
vol. ii. (1893). 


I Mnii. 0,SJ. V..I. xxxix. pt. -J, 1913. 



IdhIkiicos of 
.Inra^Hic 
clov<‘l«)]nnent 
in India. 


Life durioj^ 
thoJuriuaic. 


CIIAPTKH Xlir 


TIIK .lUliASSIC SVSTKJl 

In till' I'l'iwyiulinal zotir of tlii' Nortlii'in Jlimalayaa, Jurassic 
strata riiMliiriiialily ovi'ilii' tlic Triassio in a groat thickness of 
liinostono anil slialos. The sui'oossinn is i|uitc normal and 
transitional, tlio junction-piano holwoon llui two s 3 'stenis 
of deposits lioing not oloarly ilotorniinahlo in the type 
section at lalang. Marino .Jnrassie .strata are also found 
in the Salt-lfangc, ro]m'sonting the iniddlo and upper 
divisions of the sy.stoin (Oolite). The .svstem is developed 
on a null'll more I'.vtensivo scale in Halueliistan, both 
as regards its vertical range and its geographical extent. 
A toinporary inviusion of the sea (marine transgression), 
over a largo jiart of Hajputana, in the latter part 
of the Juras gave rise to a thick series of shallow-water 
deposits in llajputana and in (.hitch. A fifth instance of 
Jurassic development in India is also the result of a marine 
transgre.ssion on the east coasts of the Peninsula, where an 
oscillation between marine and terrestrial conditions has 
given rise to the interesting development of marine Upper 
Jurassic strata intercalated with the Upper flondwana forma¬ 
tion. 

Oe|)halo]S)ds, especially the ammonites, were the dommant 
members of the life of the Jurassic in all the above-not«l 
ureas. Although js-rhaps they reached the climax of their 
development at the end of the Trias in the Himalayan pro¬ 
vince, they yet occupied a place of promment importance 
among the marine forms of life of this period, and are repre¬ 
sented by many large and beautiful forms with highly complex- 
sutured shells. Lamellibranchs were also very numerous in 
the Jurassic seas, and held an important jwsition among the 
ten 
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iii\’i>rtobrate fauna of the periotl. A rich Jurassic flora poplcj 
tlic land repioiis of India. The lower classes of ])haMcroi'am.s 
hiul already appcansl and taken the placi! of the fern and the 
e(|uisctum of the Perino-Carhonifi'rous ]ieriods. Tin- lainl 
was also inhahited hy a varieil population of lish, amphihia 
and several onhws of reptile.s, besides the terrestriiil inverle- 
hrate,s. We have already dealt with the relies of the latter 
class of oreaiiisnis in our de.seription of the (londwana system. 


JURASSIC OF THE CENTRAL HIMALAYAS 
Spiti. 

Ill Spiti. tlarhwal and Iviiuiaoii, the Upper Trias is sui'- Kinio 
eeeded by a series of limestones eontainine shells of .l/eiyuWo/i, '"“'‘"•'’iie 



i. linii stidu-. 1. t p tui i .iti-> rt\-t h. 

S)*iliHasii mi.. 

\iTfr V--1I KratJt. Mrm. <> > I. \\\ji j t. 


which pass up into a ma.ssive lime.stone, some ‘jotxt to JitOO 
feet thick, called the (Ireat liincstone, from its formin;; lofty 
precipitous eliflh facing the I’unjah Ifimalayas. They are 
better known under the name ot the Kioto limc’stone. The 
lithological characters of this limestone indicate the e.xistenee 
of a constant depth of clear watiT of the sea during its 
formation. The passage of time represented by this 
limestone Ls from Rhaetic to Middle Dolite, as evidenced 
by the changes in its fauna. The liighest beds of the 
Kioto limestone are fossiliferous, containing a rich fauna 
of bclemnites and lamellibranchs, and are known as the. 
Stilcacutus beds from the prejamdi'rance of the sfsaies 
Belentniles sukacutus. The greater part of the Kioto 
limestone—the middle—is unfossilifcrous. A fossiliferous 
horizon occurs again at the base, containing numerous 

w-.c.i. 1, 
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fossil shells of MegaMon ami Dkemardium, and hence 
kfiowni as the Megalodoii limestone. Other fossils are 
Kpirigera, Lima, Ammonites, Belemnites. with gastropods of 
Triassic affinities. This lower part of the Kioto limestone 
is also .sometimes designated as the Para stage, while the 
part above the Megalodon limestone Ls known as the Tagluig 
stage. 

Spiti shales. The Kioto liiiu'stone Ls overlain eonfonnablv by the most 
charaeterLstic Jurassic formation of the Himalayas, known 
as tlie Spiti shales. Tliese arc a group of splintery black, 
almost sooty, micaceous shales, about 300 to 500 feet thick, 
containing numerous calcareous concretions, each of which 
encloses a well-preserved ammonite shell or some other fossil 
as its nucleus. (See Fig. 23.) The shales enclose pyritous 
nodules and ferruginous partings, and towards the top, 
im])ure limestone intercalations. The whole group is very 
soft and friable, and has received a great amount of crushing 
ami compression. These black or grey shales show a singular 
lithological persistence from one end of the Himalayas to 
the other, and can be traced without any variation in com- 
po.sition from Hazara on the west and the northern coniines 
of the Karakoram range to as far as >Sikkim on the east. 
These Up])er Jurassic shales, therefore, are a valuable strati¬ 
graphic unit, or “ reference horizon," in the geology of the 
Himalayas, of great help in unravelling a confused or com¬ 
plicated mass of strata, so usual iii niountainoas regions where 
the natural order of superposition is oijscured by repeated 
folding and faulting. 

Fauna of tlic The Spiti shales are famous for their great faunal wealth, 

Spiti Shah'S. made great contributions to the Jurassic geologv 

of the world. The ammonites are the preponderant forms 
of life pre.served in the shales : Phi/lloceras, Lytoceras, Hoph- 
ceras. Uecticoceras, OpjKlia, Aspidoecras, Holmslephaniis 
{ = Spiticeras, the most common tassil), Uoplites, Pemphinctes 
and Macrocephalites. Behmnites are t ery numerous in indi¬ 
viduals, but they belong to only two genera, Behmnites (Sp. 
gerardi) and Belemnopsis. The principal laniellibranch 
genera are : Avicula (Sp. Spitiensis), Pseudomonolis, Aucella, 
hwxramm gracilis, Lima, Pecten, Ostrea, Xttcula, Leda, Area 
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ty -CucuUaea), Trigonia, AsUirle, Pleuromgn, Cosmornija, 
\Homomya, PhoUtdomya ; gnstrop<xi spi-oios belong to Plcuro- 
lomaria and Ceritkiuiii. 

The ammonites found in the eoneretions of the Spili shales 
form an article of trade, and are sold in some bazaars as 
Saligrams for use in religioiLs worship. 

The fauna of the Spit i shales indicates an upjx'rmost Jurassic 
age —Portlandian. They pass conformably into the over- 
lying Cretaceous sandstone of NeiHoinian horizon (Giuinal 
sanilstone). 

The following table shows in a gimeralised manner tlm 
Jurassic succe.ssion of the Central Ifiinalayas : 

! Xeoudmian 
I (W'eald). 

; I’urtlandlaii. 

Calluvian. 

Kioto UmMtone |(ireattliiekni‘.ssofiimsdvrliiiii'>lisies, 

(:t000 ft.). I uiifo.ssilifer(iii.s ('rngliiig stage). 

I .Megalodon limestone (I’ura stage). ' Liius 

(Hliaetic?) 

Monotis shale. Xorie. 

In the Lesser Himalayas, i.e. in the zone lying between Talaorioa, 
the outer Tertiary zone and the inner ( i vstalline zone of the 
main snow-covered range, and distingiiislnsi by the e.xclusive 
occurrence in it of highly metarnorphosetl old (I’urana) sedi¬ 
ments only, there is noted an exceptional devt-lopnient of 
a small patch of fossiliferoas Jurassic (?) beds luiderlying 
the Eocene Nummulitic limestone. This is the only instance 
of fossiliferous pre-Tertiary rocks being met with south of 
the central axis of the Himalayas, and is therefore inter<‘Bting 
as indicating a slight trespass of the shores of the Tethys 
beyond its usual south border. The fossils arc few and un¬ 
determinable specifically; they are fragments of belemnites, 
corals and gastropods. These beds, known as the Tal series, 
underlie with a great unconformity older limestones belonging 
to the Deoban and Krol series of the Purana age. 

Another instance of a similar nature,and probably belonging 
to the same age, is met with in the Outer (Kashmir) Himalayas. 


(iillilial HAIldHtotlU. 


Spiti shales 

(:»00 ft.). 


j Ix)chaiidK*l UmIs. 
('hiilaniii ImhIm. 

1 BeluiniiiU^.s Ik'iIs. 
I SuUaoutus beds. 
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III the Jaiimiu hills a miniber (if inliers of unfossilil'erous 
Jurassic (?) liiiu'stoiic (the “ fireat limestone ”) protrude in 
the midst of Tertiary strata of «irmur aee. 


Balnchistan. 

.turoHtif Marine Jurassic rocks, of the ficosynclinal lacics, and 

Biiliii histan. lioniotaxiallv to the Lias and Oolite of Euro^ie, 

are developed on a vast scale in Ihdiichistan, and play a 
]iidininent |iart in its ocoloyy. The liassit beds arc com- 
jioscd of massive bine or black crinoidal oolitic or flagfry 
limestone, attaining a thickness of more than JOOO fe(“t, 
in which the princijial stages of the Kiiropi'an Lias can be 
recognised by means of the cephalopods and otlu'r molllLscs 
entombed in them. The liassic limestones are ovi'rlain by 
an e(|iiully thick series of massive limestone of Oolitic age, 
which is seen in the mountains near Quetta and the ranges 
running to the south. The toji beds of the la.st-ih'scribed 
limestom- contain numerous ammonites, among which the 
genus Mdcrdirjiliiiliti’s attains very large dimensions. 

[The rock-sysli las of itaincliistan are capable of classitication 
into two broad divisions, comprising two entirely ditferent 
facies of deposits. One of these, the Eastern, is mainly charac¬ 
terised by a calcareous constitution and coinprises a varied 
geological seipienci', ranging in age from the fVrmo-Carbonifcrons 
upwards. This facies is prominently displayed in the mountain 
ranges of E. Baluchistan, constituting the Sind frontier. The 
other facies is almost entirely argillaceous or arenuceou-s, com¬ 
prising a great Ihickiicss of shallow-water sandstones and shales, 
chiefly of Oligoeene-Jlioeene age. The latter type prevails in 
the broad upland reghais of \V. Baluchistan, stretching from 
the Mokran coast northwanls up to the southward confines of 
the Hehnand desert. These dillcrenccs of geological structure 
and composition in the two divisions of Balmdustan have deter¬ 
mined in a great measure the jirincipal physical features of the 
country.]' 

All the Ifcsozoic systems are well represented in East 
Baluchistan, and are yery prommently displayed in the high 
ground extending from the Takht-i-8uleman mountain to 
the coast. In the broad arm or gulf of the Tethys which, 
as we haye already stated, occupied BaluchLstan, almost since 
' E. W. Vredenburg: ffre. G.S.I. vol. x.vxviii. pt. 3, into. 
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tli<' commeiiceiiieiit of its oxistoiioo, a series of deposits were 
formed, representative of tlie ages that followed this oeeu- 
pation. Hence the main Mesozoic formations of the Nortlmm 
Himalayas find their parallels in Haluehistan along a tract 
of eoiintrv stretching in a north to south direction,' 

Hazara. 

The .lurassic system is devi'lopod in Hazara, hoth in the .Spiti sliaU 
north and south of the province. The two ili'velopments, H"'nrn. 
however, are ipiite dLstinct from one anotln'r, and e.xhihit a 
ditferent facies of deposits. The northern e.xposnre is 
similar hoth in its lithological anil ]ialaeontologlcal char¬ 
acters to the Jena of Spiti, and conforms in general to the 
geosynclinal facies of Xorthern Himalayas, The Spiti shales 
are conspietions at the top. containing some of its eharac 
ti-iistic fauna. Jhit the .Inrassics of south Hazara dilfei 
aliriiptly from the ahove, hoth in their composition and 
their fo.s.sils ; they show greater airmity to the Jura.ssic out 
crops of the Salt -Kange, which are charm-teri.seil hy a coastal, 
tnore arenaci ons. facies of depo.sits. I’he Spiti shales of the 
Northern zone have yielded these fossils : Oy/pc/m, /Vr/- 
.s/i/iii(c/c.«. fkl/’iimilcx. Iiioirnniinx. CiiridtHai, I’nhii. Corlmli. 

(Iri/phm (i. Trii/iiiiid. 

Burma. 

Jurassic strata are tnet with in the Northern Shan States. Natnynnteii 
and are referred to .as the Namvan heds. also .sometimes 
designated the Hsipau .series. (See Fig. III. )). |tlj.) The 
rocks are red or purple sandstones and shales, nnfossiliferons 
in the main, hut the lower heds which contain a few limestone 
liands hate yielded a few Jnras.sic fossils. This group of 
strata is underlain hv shales and concretionary limestones, 
which have already been referred to as the eipiivalents of 
the Rhaetic or Napeng series id’ Burma. 

Salt-Range. 

Middle and upper divisions of the Jurassic are contained .iurii» of the 
in the .Salt-Range. The development in the eastern part of tSuli-Rang.- 

‘See Vrcdenbiirg'ji “ Map of Hnliit hitjlfin, ” /f". vtil. xx.wiij pt.'f 

and Pai. Ind. New SericK, vol. iii. nn m. 1, inlrodutlion. 
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the range is on a small scale, but the system assumes a much 
greater profsution and homogeneity in the west, trans-Indus, 
part of the range, esjK'cially in tlie Chiehali hills, north-west 
of Isa Khel, which branches off from the main range at 
Kalabagh. Indeed this range of hills Ls composed almost 
wliolly of Jurassic and Eocene (Xummulitic) rocks. 

Neglecting the Jurassic develo])nient of the Eastern Salt- 
i{ang(?, which is of varying and inconstant lithology, the 
Jura.ssic strata of the trans-Indus Range may be summarised 
ill the following table ; 


Wliiti' san(lstone.s with dark ahates, 6(1 ft. Cretaceous. 

Neoooiiiian fossils. 


Jaragsic strata 
(utHMoIMt a.) 


/Upper Jurassic— liKhi-eolouiod, (hin- 
is'ddeil highly fos.siliferou.'i iime.stone.s, 
and hlaoki:-h arenamais shales. 
Fo-ssils : I’ldai, Lima. O.ilm, Homo- 
mtja. PhAarlumiii, witli several ammo- 
tiitfn, hehmiiilm and gastruixids. 

Mid Jurassic —white and varie iedy tinted 
soft sandstones and clays with lignite 
and eoid-iHirtlnea; i>yiitou.s fakini) 
shales with subordinate hands of lime¬ 
stone and hamnatite. Fossils : ohsenre 
|ilanl remains—7'07o/)/iy/«Hi; Hdtm- 
uile.s, I’leurohtmaria, Xaliai, Mi/liUm, 
Ancillarin, Pediii. Mt/aciie.i, Xrrinm, 
\ Cerifliimn. IVujnehanjh etc. 


-Mid and 
Upper 
•Inrassic. 


Ceratite bed.s, .170 feet. Triassic. 


A section of the above type is .seen near Kalabagli on the 
Indus; a fuller section is visible in the Shekh Rudui hills 
and in the Chiehali hills. 

A few coal or lignite seams occur irregularly distributed in 
the lower part, and are worked near Kalabagh, which yield 
on an average about 1000 tons of coal per year; some haematite 
layers also occur. A few beds of a imculiar oolitic limestone, 
known as the “ golden oolite,” arc foiuid among these rocks! 
The rock is a coarse-grainetl limestone, the grams of which 
are coated with a thin ferruginous layer. Fossil organisms 
presert’ed in these rocks, besides those named in the section 
above, are: Ostrea, Exogym, species of Terebratula, numerous 
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gastropods, Ammotiites and Belemnites. Tin* spines of 
ttumcrous largo spooios of oohinoids, liko ('ithrtK. and fragnionis 
of the to,sts of incijiihir oohinoids, aro fnapiont in tlio linio- 
stonos. 


A rajiidly vaiving litho¬ 
logical composition of a 
series of strata, such fLs that 
of the Jurassic of the Salt- 
Range, is suggo,stivo of many 
minor changos during the 
course of ,sodimontation in 
that area; such, for in- 
stani’o, its changos in the 
depth of the sea, or of the 
height of the lands wldch g, 

oontrihuto the s(‘dimonts, of f' 
alterations in the courses of 
rivers, and of the currents 
in the sea., etc, 

[It is in the west and trans- 
Indus part of the Salt-Range 
thaj the Me.sozoic group is 
develcjied in some degree cj 
completene.ss. In the lanstern, 
cis-lndus part, with the ex- 
ce])tion of the Triussie, (,'era- 
tite Iteds, the Jlesozoic group 
is incomiiletely develoited and 
irregularly distributed. 

The structure of this part of 
the Salt-Range offers a strik¬ 
ing contrast to that of the 
part east of the Indus, It is 
one of colossal disturbance, 
by which the stratigraphy of 
the mountains is completely 
obscured, a condition so dilTercnt 



from what is met with in 


the eastern part. The strata by rei)eated folding and faulting 
have acquire such a confused disposition that the natural order 
of superposition is altogether subverted, whde the faulted and tilted 
blocks lie again-st one another in the most intricate disorder 
imaginable,] 






168 


GEOLOGY OF INDIA 


Nature of 
iimrine trauN- 
gree^iouM. 


Marine Transgressions during the Jurassic period. 

After the oiiierf'eiice of th(^ Peninsula at the end of the 
Vindhyan svstetTi of dejMwits, this ])art of India has generally 
remained a land area, a continental tableland e.xpased to the 
deninling agencies. No e.xtensive marine deposits of any 
Huhseipient age hav(^ bw'ii formed on the surface of the 
IVninsiila since that early date. 

In the .Juras.sic period, however, several jjarts of the Penin¬ 
sula, viz. the coasts and the low-lying flat regions in the in¬ 
terior, like Hajpntana, were tenijsirarily covered by the seas 
which in\aded the lands. These ti'inporarv encroachments 
of the sea over what was ])re,vioiLs|y dry land are not un¬ 
common in the records of several geological periotls, and are 
caused by (In? sudden decrease in the capacity of the ocean 
basin by .some deformation of the crust, such as the .sinking 
of a largi' land-ma.ss, or the elevation.of a submarine tract. 
Such invasions of the .sea on land, known as “marine tran.s- 
gre.ssions,” are of comparatively short duration and invade 
ordy low level areas, l•onverting them for the time into epi¬ 
continental seas. The .series of deposits which result from t hese 
transgressions are clays, .sands or linic.stones of a littoral tvpe, 
and constitute a well-marked group of de])osit.s, .sometimes 
(h-sigimted by a sjiecial name the Coastal svstem. One 
e.\ample of the coastal system we have already seen in connec¬ 
tion with the I'ppcr Gondwana deposits of the East Coast. 
The remaining instances of marine transgrea.sional deposits in 
(he geology of India are the Cpper .Iura.s.sic of Cutch and Raj- 
putana ; the Cp[)er Cretaceous of Triehinopoly, of the Narbada 
valley and of (he A.ssam lulls, the Eocene and Oligoeene of 
Gujarat and Kathiawar, and the aonuavhat newer deposits 
of a number of ])laces on the (\)romandel co.^st. 

Deposits which have originated in this manner jmssess 
a well-defined set of characters, by which they are dis¬ 
tinguishable from the other normal marine shallow-water 
deiwsits. (1) TIndr thickness is miMlerate compared to the 
thickness of the o^iinary marine dejsisits, or of the enormous 
thickness of the geo.svnclinal formations ; (2) they, as a rule, 
cover a narrow strip of the coast only, unless low-lands e-xtend 
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farther inland, adinittiiifr the sea to the interior; (.'!) the dijt 
of the strata is irrefiular and sontetimes di'oeptive, owin^ to 
current-bedding and deposition on shelving banks. (!ene- 
rallv the di]> is seaward, away fri>ni the niain land ; conse- 
ipiently the oldest beds ah’ farthest inland while the innvi'sl 
are near the sea. In some ea.ses. howevey a great dejitli of 
de|)osition is possible during marim' transgressions, as when 
tracts of the coast, or the continental shelf, uiiilergo sinking, 
of the nature of tr<mgh-faulting, eoneurrently with deposition, 
tsueh was the case, for instance, with the basins in wlii.'b 
the Juriussies of Cuteh witc laid down, in wlii<'li the sinking 
of the basins admitted of a continuous de|iosilion of thousands 
of feet of coastal detritus. Such block-faulting is ipiite in 
keeping with the horst-like nature of the Indian 1’i‘ninsula. 
and belongs to the same system of movements as that which 
eharaeteri.sed the loindwana piuiod. 

Cutch. 

•Iiirassie. rocks cjeeupv a large area of the Cuteh State. It is ■i hi. 
the most imj)ortant iormation of Cuteh both in respect of 
the lateral e.vteut it envers aial in thickness. With the 
exception of a few small jiatches of ancient crvstalliiie rocks, 
no older system of deposits is met with in this area. It is 
((nite ])robable. howevi'f. that largi' parts of the country 
which at the present dav are long, dreary wastes of black 
saline mnd and silt (the Kami) are underlain by a substratum 
of the Peuin.stilar gneisses together with the Pumtins. \ 
broad baml of the.se rocks exteials in an east-we,st direction 
along the whole length of Cuteh. aial they also appear farther 
north ill the islands in the Kann of Cuteh. The main outcrop 
attenuate.s in the middle, owing to the overlap of the younger 
deposits. The aggregate thickne.ss of the formation is over 
0000 feet, a depth ipiite incompatililc with dejiosits of this 
nature, but for the e.xplauation given above. 

The large patch of Jura,ssic riaks in Etist Kathiawar around 
Dhrangadhra belongs to the .same formation, and is an out¬ 
lier of the latter on the eastern continuation of the same 
strike. 

The Jurassics of Cutch include four series -Paklmw. Vhtiri, 
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PutcliHin 

Bcriox. 


Chari series. 


Katrol and Umia, in ascending order, ranging in age from 
Lower Oolite to Weald. The base of the system is not exposed, 
and the top is unconforniably covered either by the Creta¬ 
ceous basalts of the Deccan Trap formation or by Nummulitic 
beds (Kocem‘). 

The following table, adaj)ted from Dr. Oldham, gives an 
idea of the stratigraphic succe.ssioM : 


Umla 
(ItOiXi ft.). 


Katrol 
(hmh) ft.). 


Chari 
OKK) ft.). 


Patcbam 
(1000 ft.). 


j.Murine Huadstone.s with ('rioccras, etc., | 

I suiutstone himI shale with eycarls, j 

conifers, imd ferns {(Jomlwana facies), ; Weald. 
.Marine sandstone ami ciaiuloincratc with ^ 

\ Prri/ipkliH'h.H fiu<\ Trhian 'i't. 

I Sandstone and sliale with Peri^p/iincks ■. 
and OppcUit. 

h’crrujiinouH rc<l and yi'llow sandstiaie ; Cppcr 
(AViaZ/vj/csandstijnes) w-Wh^itcphuiorcms}. Oolite; 
' AspitUtcenifi. 


■Dhosa oolite, oolite limestone; PHtortras, 
.UpldrH'iTd.'i, Peri •(phliirtfs-. 

White linu’stones; Pdfoi'ints. OpptTot. 
Shales with ferruginous nodules: 
j AphinrtrM, IlurfMfCt’riis. 

Shales with “golden oolite": MnrnH-rph/i- 
\ lilfM, Oppelia. 

(Jrey limestones aiul marls with (fp}n-h'a, 
j corals, brnelno[M)<ls. etc. 

' Yellow saiulstoncH and line stoncs with 
I Trifj tiiia, ('or'‘ul I. etc. 

Base not M*en. 


Middle 

Oolite. 


Lower 

Oolite. 


Tlic lowest iiionibcr, I’atcliiiMi scries, occurs in the Patchain 
island of the llann, ns well as in the main outcrop in Cutch 
projicr. The lower beds arc cx(s)scd towards the north, and 
arc visible in many of the islands. The strata show a low 
dip to the south, i.e. seawards. The constituent rocks are 
yellow-coloured sandstones, and limestones, overlaiti by lime¬ 
stones and marls. The fossils are prineiiially ammonites and 
lamellibrnnehs, tlie leading genera being Trigonia, Lima, 
Corbuh, Gm'illaea, Exogyru, and Oppelin, Perisphinctes, 
Stephan«feras; some species of Naulil>is. 

The Chari series takes its name from a village near Bhuj, 
fn)m where an abundant fauna corresponding with that of the 
Callovian stage of the European Jura has been obtained. It 
is composed of shales and limestones, with a peculiar red or 
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brown, ferruginous, oolite limestone, known as the DIiomi 
oolite, at the top. Tliere also occur, at the base, a few baiuis 
of what is known us the golden («ilite. a limestone comjK)scil 
of rounded calcareotis grains coattnl with iron and set in a 
matri.x. The chi4'r element of the fauna is cephalopoils, 
one hundred s]H‘cie.s of ammonites being ri'cognisable in them. 

The principal genera an*: Peri.’iphlnclc.f. Phijllorems, Oppelin^ 
Maernrephalus, //«c/4occm.s’. PelhMerii.t, Aapidoivms. Steplouio- 
cera.i. In arldition there ari‘ three or four species of Helemitite.'i, 
several of .Y«n(i7i/,s, and a large numbi'r tif lamellibranchs. 

The Chari group is palaeontologically the mo.st important 
group of the .Jurassic of the Cuteh, biM imse it has furnished 
the gri-at<‘st number of fossil speiies identical with known 
Kuropean tyjies ; the Dhosa oolite, coming at the top of the 
Chari .series, is the richest in ammonites. 

The Chari series is overlain by tln‘ Katrol grouii i>f shales The Katrol 
and sandstones. The shales are the pP'pomliTant roeks nf 
this .series, forming mor<' than half its thickness. The sand¬ 
stones are more iirevalent towards tin' toj). The shales are 
variously tinted by iron oxidi's, which at jdaces jm'vail to 
such an extent as to build small conenuions of haematite or 
limonite. The Katrol series forms two long wide bands in 
the main outcrop in Cuteh; the exposure wlier<4 broiMle.st is 
ten mile.s wide. Besides forms whiih are eommon to the 
whole system tlu! Katrol serie.s has, as its sjasial fossils, 
Harpncemn, PhyUorernu, Lylmerds. and Aplychm. A few 
plants are pre,served in the sandstoiwf and shale beds, but. 
in such an imperfect state of fo.ssilisatiou that they cannot Is; 
identified and named. 

Over the Katrol group comes the uppermost division of'I'hnTtmia 

the Cuteh Jura, the Umia series, eomprising a thiekni'ss of".. 

3000 feet of soft and variously coloured sandstones and samly 
shales. The lower part of the group is conglomeratic, followed 
by a series of saitdstone strata in which the fossils are rare 
except two species of Trigotm, T. renlruosa and T. Sinee.i, 
which are, however, very typical. Over this there comes an 
intervening series of strata of sandstomss and shales, which, 
both in their lithological as well as palaeontological relations, 
are akin to the Upper Gondwana rocks of the more easterly 
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<Jur»88ic of 
Kajpiitaiiu. 


partB of the Peninsula. The interstratification of these beds 
with the marine Jurassic should be ascribed to the same circum- 
stanc(vs as that wliich gave rise to the marine intercalations in 
file Upper Gondwana of the east coast. After this slight 
interruption the marine conditions once more established 
thein.selves, because the, higher beds of the. Umia series contain 
iiiany remains of ammonites and belemnites. The Umia 
giou|) has wid(^ latiTal e.’ctent in Gutch, its outcrop being 
mueh the broadest of all the other series. Its Iw'adth, how- 
e\-er, is considerably ri-duced by the overlapping of a large 
f)arf of its surface by the Deccan Tra])s and still younger 
beds, 'fhe fossils yielded by the Umia series are : (Fonts) 
Akilwptcrix, Tiicnioplerm,C[imils- awA Conifm, which have bt'en 
enumerated in the chapter relating to the Upjier Gondwana. 
The marine fo.ssils include the genera ('rim-nut, Acuiilhocerm, 
livhiiintc.i. Tritjonm Smcei and Trii/iiiihi roilrkom. 

Tilt! rocks altove ilescribed are traver.sed by an e.'ctensive 
8\stem ot trap dykes and hills and other irregular intrusive 
masses of large dimensimis. In the north thev become very 
comph'.x, surr.nmding and ramifying through the sedimentary 
beds in an intricale net work. The iniriisious form part ofthe 
Deccan 'I’rap series and are its hypogene roots and brancht's. 

T’he .Imussic outcrop of North-East Kathiawar, already 
referred to, is compose,I of soft white or f,-rrnginous sandstones 
and pebbh‘-beds or conglomerates. In this ncspect, as well 
ns in its containing a few ),lant fossils, it is regarded’to be of 
Umia horizon. The samlstone is a light-coloured freestone 
largely .iuarrie.1 at Dhrangadhra for supplying various parts 
of (lUjarat with a much-needed building matinial. 


R^putana. 

The inroads of the Jurassic sea penetrated much farther 
than Uutch in a north-east direction, and overspread a great 
e.xtent of what is now Kajputana. Large ar.-as of Rajputana 
received the deposit., of thus sea. only a few patches of wliich 
are exposed to-day, from imderneatli tin- sands of the Thar 
dwert.. It is ipiite probable that a large extent of fossili- 
feroiis rocks, connecting these isolatwl inliers, is buried under 
the desert, siuids. 
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Kairly large oiiterops of Jiiriussic HM'ks occur in Jaisalmi'r 
aiul Rikaner. TIu-y have recoivwl mucli attention on account 
of their fossiliferoua nature. A minilier of divisions havi' 
been recogni.sed in them, of wliich tiie lowest is known as the 
Balmir .sandstone; it is compo.sed of coarse .sedinn'nts • 
grits, sandstones and conglomerates with a few hadly pre¬ 
served remains of dicotyledonous wood and h'aves. The next, 
group Ls dLstingiiLslnsl as the Jai.salmer limestone, comiMised 
of highly fos-siliferous limestones with dark-coloured sand- 
slone.s. The limestones have yieldeil a numlier of fossils, 
among which the mor<^ tyjiical are /V/oia/oao/u, ('(irhiihi, 
Triifiifini coatdtd, Sdi'dld, I’l'ttiii. Xddtildn and .sonu' ,l/«- 
diddiU'n. This .stage is regariled as homota.xial in position 
with the Chari .series of Cutcli. 

The .lai.salmer limestone is overlain liv a st'fies of rocks 
which are, referred to three distinct .stages in succession. 
The rocks are red ferruginous sandstones, succecsled hy a 
soft felspathic sandstone, which in turn is sncceede(i liy a 
gout]) of shales and limestones, some of which are fossiliferous. 

Dr. ha Touche, of the tieological Snrvi'v of India, has 
assigned a yotinger age to the Halmir beds (Cretaceoms), mainly 
from the evalence of the dicotvledonoiis ]ilant fossils which 
they cimtain. 

Jurassic rocks are also exposi'd in the .simtherri part of 
Kajputana, where a series of strata bearing re.senddance to 
the above underlie directly Nnmmulitic shale beds of 
Eocene age. 
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THK CKKTA(;E01’« .SVSTEJt 


\'*rie(l facies 
of the 
Cretaceous. 


The geo- 


of fnma in 
the 

Crotaceoua 

period. 


No ntlier ffcolofriciil system sliows a m(iri‘ widely divergent. 
I'aeies of deposits in the different areas of India than the Cre¬ 
taceous, and tIn-re are few which cover so e.vtensive an area 
of the, country as the present system does in its varied forms. 
Th(! marine geosynelinal type prevails in the Northern Hima¬ 
layas and in Baluchistan, and the marine shallow-water ui 
the Salt-Range ; jrarts of tin* Coromandel coast hear the 
records of a great marim> transgression duriii" the Cenomanian 
Age, while right in the lieart of the Peninsula there exists a 
chain of outcrops of marine Cretaceous strata along the valley 
of the Narbada. A tluviatile facii-s is I'xhibited in a series 
of wide distribution in the Cential Provinces and the Deccan. 
An igneous facies is re])resented, in both its intrusive and 
e.xtrusive phases, by the records of a gigantic volcanic out¬ 
burst in the Peninsula, ami by numerous intrusions of graiiitcs, 
gabbrosand other plutonie rocks in many ])art8 of the Hima¬ 
layas, Burma and Baluchistan. This heterogeneous con¬ 
stitution of the Cretaceous is proof of the prevalence of very 
diversified physical conditions in India at the time of their 
formation, and the existence of quite a different order of geo¬ 
graphical features. The Indian Peninsula yet formed an 
integral part of the great Oondwana continent, which was 
still an unbroken land-mass stretching from Africa to Aus¬ 
tralia. This mainland completely divided the seas of the 
south and east from the great central wean, the Tethys, 
which kept its hold over the entire Himalayan region and 
Tibet, cutting off the northern continents from the southern 
hemisphere. A deep gulf of this sea occupied the Salt-Range, 
Western Sind, Baluchistan and overspread Cutch, and at 
174 
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one time it penetrated to the ver)- centre of the Peninania 
by a narrow inlet through the present valley of the Karba<la. 

The southern sea at the same time encrouchi'd on the 
Coromandel coast, and extended much further north, ovit- 
spreading Assam and j)robably Hooding a pari of the 
Itido-Gangetic depression. It is a noteworthy fact that no 
communication existed between these two seas of .\ssam and 
the Narbada valley- although separated by oidy a small 
distance of intervening land. 

While such was the geography of the rest of India the north¬ 
west part of th(‘ Peninsula was converted into a great centre 
of vmlcaidcity of a type wliii h liii.s no parallel among the 
volcanic phenomena of the modern world. Hundreds of 
thousands of s(|unre miles of the country bi'twcen .Soutlnwii 
llajputana and Dharwar, and in breadth almost from coast 
to coast were inundated by basic lavas whi< h covered, under 
thousaniLs of feet of basalts, all the jirevimis tojiogruiihy of 
the country, and convinted it into an imnien.se volcanic 
plateau. 

We shall con.sider the Cretaceons system of India in the 
following ordc-r : 

(i) CrPlnrenus of the Kjlro-Peninxiihi: 

N. Himalayas, .Spiti, Kashmir. Hazara. 

Sind and Haluchistan. 

As.sam. 

Hnrma. 

(ii) CreOiteom of the Poiinxiilo : 

Trichinopoly (Tetac(oils. 

Narbada Valley (Tctaceons. 

Lameta series. 

(iii) Deccan Traim. 

CRETAOEODS OF THE NORTHERN HIMALAYAS 
Spiti. 

That prominent Upper Jurassic formation, the Spiti shales, (Jiumal 
of the Northern ranges of the Himalayas constitutmg the 
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Tibetan z(ni(! of Himalayan stratigraphy is overlain at a 
nitinber of jilaces by yellow'-coloiired siliceous sandstones and 
<inartziles known as the (iiumal sandstone. (See Fig. 26.) 
In the S[(iti area the Giunial .series has a thickness of about 
.'iOO feet. The deep and clear waters of the Jurassic sea, in 
which the great thickness of the Kioto limestone was formwl, 
hail shallowed jierceptibly during the deposithm of the Spiti 
.shales. The shallowing became more marked with the 
deposits of the next grou]). These changes in the depth of 
the .sea are discernible as much by a change in the characters 
of till' sediments as by changes in the fauna that are pre- 
.served in them. The deeper-water organisms have dis- 
appeared from the (iiumal faunas, e.xeept for a few colonies 
where deep local basins jicrsisted. The fo.ssil organisms 
entombed in the (Iiumal sanilstone include; (Lainellibranchs) 
(’iirdiKiii. (hliTii, (InjphiKit. IWini. Tclliiiii, Pfn’iidoiiionolis, 
Ami, Ojii.i, ('iirhi.i, ('iiridhicii, Tiiiii.x; (.Vinmonites) llolco- 
sli'jdiiiiiiix, lliipli/i'x. 

file (Iiumal .series is succeeded in the area we are consider¬ 
ing at pre.seiit by agrou|) of about 'i.-itl feet of white limestones 
and shales. l'’o.s.sil.s are found only in the limestones which 
underlie the shales. This group is known as the (Jhikkini 
series, from a hill of that name in Spiti. The Chikkim .series 
is also one of wide horizontal prevalence, like the Sjiiti shales, 
(interops of it being found in Ka.shmir. Hazara, Afghanistan 
and Persia, The lossils that are preserved in the limestone 
are fragments of the guards ol Jii'lnnnili's. shells of the peculiar 
lamellibraneh genus lliiiimriU-x (belonging to the family 
liiidisliK-) and a number of t'oraminifers. c.i/. Nodosariii, 
Vris/Mirin, Textidurin, Driitidllna. etc., congeners of the 
foraminifers w hose tiny shell-easi's have built up the chalk of 
Euroiit'. In the neighbouring areas of Spiti the Chikkim series 
is ()\ erlain by a youngt'r series of Cretaceous rocks, composed 
of a great thickness of unfossiliferous sandstones and sandy 
shales of tlu' type to which the name of Fhjnclp is applied. 

‘ riio typical Flysch is a Tertiary Intination Df Suiizcrlaiid, and iscomposed 
mainly nf soft sandstones, marls, and sandy .shales covcriiifi a wide c.xtent 
of the country. ItJ as;<* is Koccnc (*r OIil'cccuc. Ko.ssils are rare oi absent 
altogether. The term is. lu»we\er. applieabli' t(» similar depo.sit.s in iither 
eountrie.s altjo and of other ages than Koeene or Dligcs'ene. 
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(Soe Fig. 2:!.) Tho Cretaccoiis Hvscli gives further ovuletiei’ 
Ilf tile .shallowing of the Tethys aiul its rapid tilling u)> liv the 
coarser littoral detritiLs. With the llysch de|M)sits the long 
and uninterrupted geo,synelinal conditions approached their 
end, and the t'hikkiiu series may be regarded as the last 
legible chapter in the long history of the Himalayan marine 
jieriod. The lly.sch de]iosits that followed mark the gradual 
emergence of land, and the receding of the shore line further 
and further north. The Himalayan continental period had 
already begun and the first pha.se of its uplift into the loftiest 
mountain-chain of tin' world commenced, or was about to 
commence. 

In the general retreat of the Tethys from the Himalayan 
province at this period, a few scattered basins were left at 
a few localities, c. 7 . at Hnndes and Ladakh. In the.se areas 
the sea retained its hold for a linn", and laid down its 
characteristic deposits till about the middle of the Eocene, 
when further crustal deformations drove back the last traces 
ol fhe sea Ironi this part ol the earth. 


IGNEOUS ACTION DURING CRETACEOUS 

The history of the latter part of the Crelaceons age, and 
the ages that followed it immediately, are full of the procd's 
of widespread igneous action on a large scale, both in its 
Jilutonic as well as in its volcanic ]ihasi'. An immense 
ijuantity of magma was intruded in the pre-e.visting .strata, 
as well as ejected at the surface over wide areas in lialn- 
cliistan, the Xorth-We.st Himahivas, Knniaon llimalavius 
and Burma. .Ma,s.se.s of granites, gabhros and peridotites cut, 
through the older rocks in bo.sses and vein.s, lacciilites anil 
.sills, while the products of volcanic action (lava-flows and 
ash-beds) are found interstratified in the form of rhyolitic, 
andesitic and ba.saltic lava sheets and tnlfs. The ultrabasic, 
peridotitic inlntsioiis of these and slightly Hub.seiptent ages 
are at the present day found altered into serfa-ntine-masses 
bearing some iLseful acces.sory products that have been 
separated from them by the proce.ss of magmatic segrega¬ 
tion. Of these the mo,st important are the chromite ma.s.ses 
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iti Baluchistan and the semi-precious mineral jadeite in 
Burma. 

A great proportion of the granite which forms such a pro¬ 
minent )iait of tlu! crystalline core of the Himalayas, forming 
the hroa<l (rentral belt betwe('n the outer Tertiary zone and 
fim inner Tibetan zone, is also referred, in a great measure, 
to the igneous activity of this age. Three kinds of granites 
are recognised in the Himalayan central ranges, viz. Biotite- 
granite, which is the most widely prevalent, Honiblendc- 
granite and Tourmaline-granite, but it is (|uite probable that 
all the thr(s! have been derived by the dilTerentiation of one 
originally Imniogeneons magma. 

As will be allmbsl to later, this outburst of igneous forces 
is co!inecte<l with the great physico-geographieal revolutions 
of the early Tertiary period, revolutions which culminated in 
obliterating the Tethys from the Indian region and the 
severing of the Indian Peninsula from the Indo-African 
Gondwat\a contii\ent. 

The reconls of an e.'itraonlinary volcanic ])henomenon are 
witne.s.sed in connection with the Cretaceous rocks of the 
Kumaon Himalayas, Lying over the Cretaceous rocks of 
.lohar, on the Tibetan frontier of Kumaon, are a number of 
detaclusl blocks of sediim'iitary rocks of all sizes from ordi¬ 
nary bouhlers to blocks of the dimensions of an entire hill- 
ma.ss. These' lie in a confuseil pell-mell manner, in all sorts 
of stratigraphic discordance on the underlying beds. From 
the I'vidence of their contained fossils these blwks are found 
to bi'long to almost every age, from early Pernuan to the 
newest Cretaceous. But the fo.ssils reveal another, mote 
curious fact, that these rock-mn.sses do not belong to the 
Spiti facies of deposits, but are of an entirely foreign facies 
prevailing in a distant northern locality in Upper Tibet. Such 
a group of “ exotic ” or foreign blocks of rocks, out of all 
harmony with their present en\ironments, were at first 
believed to be the renuiants of denuded recumbemt folds, or 
were ascribed to faulting, and were considered as identical 
with the “ Klippen ” of the Alps, But from the circumstance 
of the close association, and sometimes even intermi.xing of 
these blocks with volcanic products like basalts and andesites. 
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an altogether novel method of origin has Ix-en suggested, 
viz. that these bhx'ks were tom by a gigantic volcanic explosion 
in North Tibet (.such as is connected with the prcMluction of 
volcanic agglomerates and brecciius), and sub.se<|uently trans- 
jsirted in the lava inundation to the positions in which they 
are now found. The iiuhIc in which the.s«‘ blocks are scattered 
in the most confuswl disorder imaginable, Ls in agreement 
with the above view of their origin. These foreign. trans|H)rtisl 
blocks on the Kumaon frontier are known in Himalayan 
g"ology ns the e.xotic blocks of Joliar. Similar phenomena 
are recorded in other ])arts of the Himalayas as well. 

Hazara. 

Representatives of thediumal .sandstone are found in Hazara 
capping the Spiti shales, in a group of ilark-coloureil, clo.se- 
grained, massive sandstones. Tlii‘ (iiiimal sandstone passes up 
into a very thin arenaceous limestone only some 1(1 to ‘JO feet 
thick, but containing a suit of fossils po.sse.ssing attinities witli 
the English (iuull. The leading fossils are ammonites, of tyjii- 
cally Cretaceous genera, like AcnulhiHvniit (in great, numtiers). 
Am'ijhrems, Ankmems. /hrcu/fVc.s’. (Uc., the latter forms hi'ing 
characterised liy possessing an uncoiled shell. There are also 
many Bekiiinile remains. Tlje Cret.aceous litiiestone is over- 
lain by a great development of the Eocene ,sy.stem the 
Nummulitie limestonemuch the most con.s]>icuoiLs nak- 
group in all parts of the Hazara ])roviuc(‘. 

Sind and Baluchistan. 

Upper Cretaceous rrx’ks indicating the t.'ampanian and CretiMMioa* 
Maestrichtian horizons (Uppi'r Chalk) are develo|K-d in Siml "Ctind- 
in one locality only, the Eaki range. Tin- bottom beds are 
about .300 feet of whitish limestones, containing echinoids like 
Hemipneustes, Pyrina, Clypenhmpi.t.mA a number of molluscs. 

Among the latter Ls the genus Hippiirila, so chara<;tcristie 
of the Cretaceous period in all jtarts of tlie worhl. This 
hippurite limestone is a local representative of the much 
more widely developed hippurite limestone of Persia, which 
is prolonged into south-eastern Europe through Asia Minor. It 
is succeeded by a group of sandstones and shales, often highly 
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ferruginous, some beds of which contain ammonites like 
Indoceras, PachytUscus, BacuUtes, Sphenodiscm, etc. These are 
in turn overlain by fine, green arenaceous shales and sand¬ 
stones, unfossiliferous and of a llysch type, attaining a great 
tliickne-ss. An overlying group of sandstone is known as the 
Pab sandstone. The top heels of this sandstone consist of 
olive-colourtKl shales and soft sandstones, the former of which 
are highly fo.ssiliferous, the commonest fossil being Cnrdita 
baninimli, a lamellibraiK'h with a highly glolmse shell. This 
gnmj) is designated the Curditii beiiiimintli Ms. Other fossils 
inehiile Oslrea, Corhiih, Tiirrilrlln, Xalica, Lylhami, Caryo- 
pliyWi, Smihtrm'hiis, and other corals; eehinodernis, ginstropods 
and some I'crlebrae belonging to a species of Crocodiles. The 
Cardita bisls are both interstratilied as well as overlain by 
slx-ets of Deccan Trap basalts, one band of which is nearly 
1(M> feet thick, of amygdaloidal ba,salt. The age of the 
Cardita beds, from the aftinities of their contained fossils, is 
regarded as uppermost (Vetaeeous (l)anian). 

The Cretaceous system as found developed in iialuchistan 
is on a much more perfect scale than in Sind, covering a far 
vvid(U’ e.\tcut of the country and attaining a greater thickness. 
In this area, moreover, t.he Lower Cretaceous of Weald and 
(.ireensand ages are also represented. The.se horizons are 
recogniseil in a series of shales and limestones resting upon 
the. J\irassic rocks of Haluchistan, known respectively as 
the Bekmuitc sliidcs and the' Purli liiiwsloni'. The lower, 
belemnite ImhIs an' a series of black shales crowded with 
the yimrds of belenmites. They are overlain by a con¬ 
spicuous thick mass of variously coloured siliceous limestones, 
liXHt feet in thickness, extending from the neighbourhood of 
Karachi to beyond Quetta in one almost continuous outcrop. 
This dhosion is known as the Parh limestone. The Parh 
limestone Ls in the main unfossiliferous e.\cej)t for a few shells, 
e.y. Inocemnm, Hippitrites. and some corals. 

The Upp'r Cretaceous sequence of Iialuchistan rests with a 
slight unconformability on the eroded surface of the Parh 
limestone. This seipiencc is broadly alike in Sind and 
Baluchistan, and the accoiuit given above applies to both. 
In Baluchistan, however, the flysch deposits are found 
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developed on a larmier scale lliaii in Sind, and form a wider 
e.xpansc of the country. They are distinjinished lus the 
P<ih sdiiJstntii' from the Pab raiifje in Baluchistan. The upper 
beds of the Pab .saiuhstono are the ('(piivalents of the Canlita 
beaumonti beiLs of Sind. 

The Up{)er Cretaceous of both Siinl and Baluchistan, es])e- 
cially tlie Cardita beaumonti beds, is larinely !Uss(K'iat(sl with 
volcanic tuffs and ba.salts, the local re|)n‘sentative.s of the 
Deccan Traps of the Peninsula. In Baluehistan then^ are 
also large bosses and dykes of gal)bros anil other basic ])lu- 
tonic HK’ks ])iercing throngb strata of this age. 

It should be noticed that the upper parts of the Umia beds 
de.scril)ed with the .Jurassic rocks of Cntch are of Lower 
Cretaceous age -Weald. 

Salt-Range. 

The Cretaceous system is very inconspicuously developed 
in the tran.s-Indus e.xtension of this range (see Pig. 21), it 
being entirely absent in the ds-lndns jsirtion. A small 
thickne.ss of Cretaceous rocks Is met with on the Chiehali 
range resting over the Jurassic and covered conformably by 
the Eoianie. The rocks are white and yellow sandsloia’s and 
shales, among which are some beds of black shales, which 
contain ammonites of Neocomian allinities Verkphiiwlrs 
(inlerianm being tlie common form. 

Assam. 

The Cretaceous system of de|Hi.si(s is prominently seen in 
the Assam ranges, where the horizontally bedded saudstones 
uucouforinably overlie the deeply enaled islges of the Shilloiiij 
quartzites, or the other metamor|ihies of Assam. They are 
in turn conformably overlain by the Eocene nuintnulitic 
limestone. The Cretaceous series is well seen in the southern 
scarps of the idateau of Stiillong; it is likewise well seen 
in the Garo hills. 

A constant member of the Assam Cretaceous series is a 
band of hard coarse sandstone, 20(1 feet thick, mo.stly un- 
fos.siliferous except for a few carbonised vegetable remains. 
This is directly sub-nummulitic in position and is designated 



182 


GEOLOGY OF INDIA 


as the Cherra Sandstone ; at its base is a quartzitic conglo¬ 
merate. In addition to the above, a few fos.siI-bearing strata 
of marine origin are pre.sent, together with carbonaceous 
matter irregularly distributed in a few coal-seams. In the 
neigh bourho(xl of Cherrapunji some outcrops of these rocks 
have yielded a number of fossils, of which the leading genera 
are: liaculites, Gn/phaea, Peclen, Nerila, Sjjondylus, Inocera- 
mus, RosleUtirk, Tunitella, etc., together with many plant 
remains. The component rocks are littoral conglomerates and 
coarse unfossiliferous sandstones, with a f(>w calcareous beds 
which contain the fossils. Tlie organic remains of this group 
of beds, as well as their ix'trological constitution, prove their 
identity with the much better known and mon^ perfectly 
studied Cretaceous of the south-east coast. Many species 
are common to these areas, and it is (piite ajjparent that they 
must have lived in the same sea and along a continuous 
coast-line allowing of a free migration of tlie animals. 

The Cretaceous also occur in tlie (laro hills on a consider¬ 
able scale. Tlie sandstones assume great tliickncss, enclosing 
at places important coal-.seams. In botli tlie Khasi and 
Garo hill Cretaceous the stratification is (piito horizontal, a 
charaoteri.stic .shared by all the later formations. 

Burma. 

In the Arakan Yoma of Burma, and in the southward 
continuation of the same strike, in the Andaman Islands, 
Cretaceous bods are found. It is quite notable that they 
reveal no connection with the Cretaceous of .Assam, but on 
the other hand e.xhibit a marked analogy with Sind and 
Baluchistan. The lower Cretaceous Parh limestone and the 
upper tlysch-like unfossiliferous sandstones and shales, capped 
by the Caniita beaumonti beds with trappean intercalations 
and ash-beds (the equivalents of the Deccan Traps), are all 
recognised in the Arakan range and further south. There are 
no marine Cretaceous rocks in Burma east of the Irrawaddy. 

Among the intrusive Cretaceous rocks of Burma are masses 
of serpentmes traversed by veins of jadeite, which yield the 
jadeite of commerce for which Burma has been famous from 
very ancient times. 
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THE CRETACEOl'S SYSTEM {Conlinual) 


PENINSULA 

I’l’PERCrctaccims rocksoftln'simlli-past coast ot'llic I’cniii- I'piwr 
sula form one of the most interestint; formations of >^)iith 
India, wliicli have lieen studied in firi'at detail hv many oeolo- tWi)niai«li)l 
ttists and palaeoiitolopsts. They are a ndic of tlii’ j;reat 
marine transgression of tlie Cenomanian Ane, wliose reconls are 
seen in many other parts of the world, la’sides the coasts of 
the (Jondwana continent in India a.s well as Africa. Three 
small inliers of tliese ns'ks occur amonj; the yoniitjer Tertiary 
and Post-Tertiary formations which cover the east coast 
of the Peninsula. Their bottom beds rest either hikhi 
a basement of tlie ancient Archaean gneisses or uisni 
the denuded surface of some liivision of the lljrper 
(iondwana. As is asual with deposits formed during 
tran.sitory inroads of the. sea, as mentioned in a previous 
chapter, the dip of the strata is towards the etist, hence 
the outeroiw of the youngest .stage occur towards tlie sea, 
while the older beds are seen more towards the interior of 
the mainland. 

South of Madras the.se rwks are e,\])osed in three, discon¬ 
nected patches, in which all the divisions of the Cretaceous 
from Cenomanian (Lower Chalk) to Danian (uppermost Cre¬ 
taceous) are present. The most southerly outcrop, viz. that 
in the vicinity of Trichinopoly, has an area of from two to 
three hundred square miles, while the other two are much intorcstof 
smaller. But the fauna preserved in these outcrops is of^^t*™^’ 
remarkable interest and of inestimable value alike on account Cn-taceoa*. 
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of tli<! iiiultitudi* of genera and species of an old-world creation 
that arc preserved, and for the perfect state of their preserva¬ 
tion. 8ir T. H. Holland speaks of these three small patches of 
rocks as forinini; a little museum of palaeozoology, containing 
more than KKMJ species of c.xtinct animals, including forms 
which throw much light on the problem connected with the 
distribution of land and .sea during the Cretaceous. Their 
distribution and their relations to the f'retaceous fauna of the 
other Indian and Africa?i regions have much to tell about 
the geography of the Gondwana continent at this epoch, 
and of the harriers to inter-oceanic relations of life which it 
interposed. 

The Cretaceous rocks of South India include three stages in 
the order of superposition ; 

Ariyalur, 

Triehinopoly, 

Utatur. 

Utatur stage. The lowest I'tatur stage rests upon an ancient land-surface 
of the Archaean gnekses. It is mostly an argillaceous group 
about loot) feet in thickness. At the base it contains as its 
ju'incipal member a coral lime.stone (an old coral reef) suc- 
ce<>ded by fine silts, clays, and gritty sandstones. The Utatur 
outcrop is the westernmost, and is continuous through the 
whole Cretaceous area along it.s western border. At places 
its width is greatly reduced by the overlapping of the next 
stage, tin- Triehinopoly. The Utatur fo.ssils are all, or mastiv, 
littoral organisms, such as wood-horing molluscs, fragments 
of cycadaceous wood, and numerous ammonites. The pre- 
immlerance of the latter at particular horizons enables the 
series to be minutely sub-divided into sub-stages and zones. 
The genus SchUmibncIiia occurs largely at the ba.se, and gives 
its name to the lowest sub-divLsion of the Utaturs, followed 
by the Acanthoceras zone, etc. 

Triehinopoly The next group is distinguished as the Triehinopoly stage, 
and comes somewhat unconformably on the last. This group 
is also KXX) feet in thickness, but in lateral extent is confined 
to the outcrop in the vicinity of Triehinopoly only. Both the 
composition of this group, as well as the manner of its 
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stratification, show it to be a littoral ilepo.sit from top to 
bottom. The rocks are conspicuously false-lwilileil coarse jirils 
and sands, clays and .shelly limestones, with shiiif'le and ('ra\cl 
beds. Oranite or >;neLs.s jiebblcs are abundantly disjaTsed 
throughout the deposits. The jiroxiniity of the coasts is 
further evidenced by the largi' pieces of eyead wcaal. some¬ 
times entire trunks of trees, enclosed in the coarser sandstone 
and grits. The shell-limestone has com])iu’ted into a beautiful 
haril fine-grained, translucent, stone which is mneh ]iriz<'d as 
an ornamental stone, and tiseil in building work under the 
name of Trichinopoly marble. Fossils are many, though not 
so numerous as in the I'taliir division. They indicate a 
slight change in the fauna, 

The Trichinopoly is conformably overlain by the ,\riyalnr Arivalur 
stage, named from the town of .\riyalnr in the Trichinopoly 
<iistrict. It consi.sts of about one thoiisand feet of is'gnlarly 
bedded sands and argillaceo\is strata, with, towards tin' top, 
calcareous and concretionary beds full of fossils. The .Arivalur 
stage occupies by far the largest part of tlm ('rctar'eous area, 
the breadth of its outcro]) I'Xcecding liftcen miles. Tin' 
Arivalur fauna e.xceeds in richness that of the two |ireceding 
stages, the ga.stropod.s alone being rcpri'.scntisl by no le.ss than 
one hundred and forty .species, liesides tlu'sc, ccphalojiods, 
lamcllibranchs, echinoderms, worms, etc., are |)rcscnt in a large 
number of species. The U])permosi beds of this stagi' are 
sharply marked off from those below and form a ili.stinct sub¬ 
division, known as the Xiniyur .stage, and ilistinguislied from .Xiniyur 
the remaining on palaeontological grounds, though ther<’ is no 
.stratigraphic break visible. The tinuiioiiilc.s liave disapiM'ansl 
from this division, and with them also many latnellibranch 
genera, while the ])roportion of gastropod sjiecies shows a 
marked increase. The fiissils of the Niniyur beds reveal a 
Danian affinity, and, according to .Mr. Vredenburg, they are 
equivalent to the Cardita beaurnonti be<Ls of .Sind ami 
Baluchistan. The decline of the ammonites and the, increase, 
in the families and onlers of the gastro]><sl8 are a very signi¬ 
ficant index of the change of times: the Mesozoic era of the 
earth’s history has well-nigh ended, and the third great era, 
the Cainozoic, about to commence. 
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Fauna of tb« 

M>utb-eait 

Orotacoous. 


The following list shows the distribution of the more common 

genera in the three stages : 

Utatur Stage: 

Brachiopods : Km/emi, Terehmiuht (tnany species), Rhyn- 
chonellu (many species). 

Corals: Trorhosmilw, Slylimt, VarijophyUui, Isastrm, 
Thdiiinnslred. 

Oastropods: Fii.iiix, PateUn. 

Ammonites: SclihK'nlmhia, Aniiillifxvnis, Nnmites, Man- 
nites, Turrilites, Nitiilllns neofoniidii.si.s. 

Lamellibranchs : Eroyi/ni, (Ifyphdcii, InocurdindJi, TeUiwi, 
Opit, Niiciildiid, Nucdld, Arm, Adrelhi, Rdduki, 
Pcrleii, Sjionilyld.t. 

Trichinopoly Stage : 

Ammonites : Pldrrnlimrd.s, Pdcliydisciis, llcteroceras. 

Lamellibranchs: Pholddomya, Modiidd, (hired, Corbula, 
Mdclra, Vyprind, (Ujlhcrm, Trlyonid, Triyononrca 
Pinna, Vardinm, Pecten. 

Reptiles; Ichlliyoxdiirns, Meyahsanrux (Dinosaur). 

Ariyalur Stage: 

Ammonites : Pdchydixciis. Bandiiex, Spliemxlmm, Dexino- 
rerax. 

Lamellibranchs: Vylherea, Vardinm, (Jardita, Lucina, 
Yoldia. Nncnki, Afinm, Madiola, Rndnlt, Gryjdmm, 
Trigomvirra, Exoyyra. 

Oastropods ; Voliila. Cypram, Aporrhnis, Akriri, Cytherea, 
Psendoliiyi, Vaneelhrid, Cerithiion, TurrileUa, 
Solarinin. Patella, Nmta, Xerinea, PhasianeUa, 
RosteUaria. 

Reptiles; (Dinosaur), Megahmtnrus. 

Corals: Slylina. Caryophyllia, Thamnasirea, Cychliles. 

Echinoids: Epiaster, Cardiastar, Ilolasler, Catopygus, 
Holeclypus, Saknia, Pseudodiadcnm. 
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Crinoids: Marsupites, PhUacriniis. 

Polyzoa: Dixcojiora, Membraiiopora, Lanaliteii, Cellefura, 
Enluhphoru. 

Niniyur Stage: yaaliluxibntieax. laif'i' spwiiiu'iis of .\erima 
and Xanlilii.s with Itibilabmles. Miniy pistropods. 

The above list gives Imt an imperfect idea of the ricliness 
of tlie fauna and of its specific relations. All the groiijts of 
the Invertebrata are repre.sentcd hv a large number of genera, 
each genus containing sometimes ten, and even more s|K'cies. 
Tlie mollusca are the most largely representeil groti]), 
and of these the cephalopods forn. tin nnwt dominant part of 
the fauna. Then* are one hundred and hftv species of cepha¬ 
lopods, including three species of Hetemniles. twentv-two of 
yaatilux, ninety-three of the common species of Ammoiulex, 

and t hree species of .SV«p/( iVc.s, t wo of//(On I'tev, t hree of 

eight of Tarrililex, eleven of Aiiioseerax. and thre<‘ of I'h/clw- 
eeras. The ga.stro|MMls and lamellibrauchs number about 
two hundred and forty sjM'cies (>acli. The ne.vl grou|) is corals, 
repre.sented by about si.xty s|M'cies, ecliinoids bv forty-two 
spc'cies, polyzoa twenty-live and brachioiiods twiuity. 

Of Vertebrata there occur seventeen sjiccies of lislies, and 
two o( reptiles, one of Meijalosaunix anA one of leltlhfitxaiirm, 
relatives of the giant reptiles of the Eurojiean and American 
Cretaceous. 


Marine Cretaceous of the Narbada Valley; Bagh Beds. 

A number of small detached outcrops occur along the Nar- Tim NubajU 
bada valley, extending along an east-west line from the, town 
of Bagh in the Owalior titate. to beyond Barodu, stretching 
as far west as Wadhwan in Kathiawar. In most casi's they 
occur around inlicrs of older rocks in the Deccan Trap, by the 
denudation of which these beds are laiil bare. They are the 
much wont relics of another of the incursions of the sea (this 
time it is the sea to the north the Tethys) during the Ceno¬ 
manian transgression and, therefore, of the same age as the 
Utatur beds described above. The fossilifermis jairtion of 
the Bagh Cretaceous comprises only a very small thickness. 
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CO-70 feet of limestone and marls, which are classified info 
three sections : 

JX'ccari Traps. [ JJanian. 

I VoniUiiic Urn'Slones : rod |)olyz()ori lime- 1 
st<ine. ; 

_ DeolamurU: 10 I'oct fo.ssilU'eious maria, j Onumanian. 

I Xinltihirlimrslone (argillaeeoii.a limestone) 
iiiKlerlain by uiifcwsiliferoiis .aand.stom) 
and (smglomerates (Nimar sandstone). 

tirieis.ses; Middle ( lomhvana rocks, etc. ? 

'I'ho lower beds are nodular argillaceous limestones, of a wide 
e.xtension horizontally, met with in the majority of the out¬ 
crops between Bagh and Barixln, followed by richly fosaili- 
I'erous marls tin' Deola and (’hirakhan marls—and by a 
corallitie limcstom! formed of the remaims of polyzoa. The 
lust two zones do not e.xtend much westwards. TIu' fossils are 
numerous, the chief g('nera Ix'ing: Ostrai, Iimnritnois, Pccleii, 
Pinna, Vitriiiuiii; (I'adiinoids) Saknia. ('iilari.s. Echinobrissns, 
Ilfinmler; (I’olyzoa) Encharina, Eschaiv; (Coral) Tliani- 
naslrea ; (Gastropmls) Triton, TnrritvUa, Natira, Verithimn. 

The unfossilifero'is sandstones underlying the Bagh beds 
of the western iidii-rs, ])articularly near Baroda, have fur¬ 
nished to this region large (]uuntities of an excellent building 
stone of very handsome appearauei? and great durability.' 
T'he stone (known locally ns Songir sandstone '•') has been 
largely cpiarried in former years, and besides supplying 
building stones it affords good millstones. 

The main interest of the Bagh fauna is the contrast which 
it offers to the fauna of the Trichinopoly Cretaceous, from 
which it differs as widely as it is possible for two formations of 
the same age to differ. The Hugh fauna, as a whole, bears 
much closer affinities to the Euroirean Cretaceous than the 
former. This is a very significant fact, and denotes a complete 

‘The nppearonee of the stone ia greatly improved by the ahiindant diagonal 
bedding, made conapienoua by the inehiaion of re<l and puq)lc laminae in the 
white or eream-coloured general mass of the rock. 

'‘The Songir aantlatone of (lujarat ia probably theaame aa the Ahmednagar 
aandatono of the Idar iitate. 
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isolation of flie two seas in which tliev were ih-posited liy an 
intervening laml-barrier of great width, wliicli prevented the 
iiiter-.sea migrations of the animals inhahiting the two seas. 
The one was a distant colony of the far Knrojiean sea. con¬ 
nected through the Tethys, the other was a branch of the 
main Southern Ocean. The two areas, though .so adjacetit 
to each other, were in fact two distinct marine zoological 
jirovinces, each having its own population. This bitrrier 
was no other than the (iiaidwana continent, which inter¬ 
posed its entire width between the two seas, viz, that which 
occti]neil the Narbada Viilley and that which covered the 
south-east coast. 

While the difference between the.se two Crelaci'ous pro¬ 
vinces is of such a iironottnced nature, it is interi'sl ing to note 
that there e.xists a very close agreiunent, both lithologiciil as 
well as ftitinid, betwi'cn the Trichiinipoly Cretai’eons and the 
.\,s,sam Cretaceous de.scribed in the last clmpter. This agree¬ 
ment extenils much further, and both these outcro[is show 
close relations to the Cretiiceoiisof Ci'nlrid and Sotith Africa. 
These facts clearlv point to the inferi-nce that, it was thi‘ .same 
sea which covered ptirts of .Africii, the Coromandel cotist and 
Assam, in which thecondithnisof life were similar and in which 
the free intercour.se and migrations of species were nniin|ieded. 
These series of beds litnst therefore show Very wide faunal dis 
crepancies from the deposits that were laid ilown in an arm 
of the great northern sea, Tethys. which was continuous from 
We.st Europe to China, and was peopled by species belonging 
to a different, marine zoological province. 

Lameta Series: Infra-Trappean Beds. 

Lameta series is the natne given to a fairly widely distri- 
btited series of e.stuarine or Iluviatile deposits slightly newer 
in stratigraphic {wsition than the Hagh beds of the Narbada. 
Outcrops of the series are found scattered in Central Italia, 
the Central Provinces, anil in many jiarts of the Deccan, 
underlying directly the Deccan Trajis. They generallv appear 
as thin narrow discontinuous bands round the lairders of the 
trap country, particularly the north-e.ast and etist. borders. 
The name is derived from the I.ameta ghat near .Jabalpur, 
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where they were first noticed. The Lameta group is not of 
any great vertical extent in comparison to its wide horizon- 
tality. The constituent rocks of the series are cherty or 
siliceous limestones, earthy sandstones, grits and clays attain- 
inj; in all from 20 to lOO feet in total thickness. The lime¬ 
stones form the most characteristic part of the series, and 
are of interest as offerint; an instructive moile of rock-genesis. 
These ligiestones, formerly regarded as of ordinary sedi¬ 
mentary origin, havt^ now been discovered to have largely 
originated by the cliemieal replacement of a former series of 
igneous ami metamorphic rocks, llecetit inv'estigations by 
the (biological Survey of India have revc'aled that many of 
these limestones ari; metasomatic in origin, and hav’e resulted 
from the cahiifiitation of the nmlerlying Archaean gneisses 
and schists through the proce.ss of molecular transformation, 
effeeteil by the, agency of percolating waters. The meta- 
somatie changes are seen in all stage's of jn-ogress, from 
unaltered gneisses through partly calcified rock to the 
typical siliceous limestone of the Lameta scries. The 
ealeilication and silieilieation have atfected all kinds of 
underlying rocks, gneisses, granites and hornblende and 
other schists. Tln're are, however, a few beds of sedimentary 
or organic origin as well, as is evident from the few badly 
preserved fossil shells and other organic remains preserved 
in them. The sandstones and clay beds of the Lameta series 
have yieldi'd a few land or fresh-water shells and the remains 
of some, reptiles ; among the former are species of Phijsa, 
Mehnia, Corbirula, Paliidinin, etc., which are. readily recog¬ 
nised as fresh-water, or at the most estuarine, species. The 
vertebrate fossils include the remains of the Dinosaurian 
reptiles- Tilniiosiiurus and Megiilnmitirus, with Coprolitic 
relics, and the turtle (Chektniu) ami some fish remains. The 
latter are valuable as having yielded conclusive evidence with 
regard to the stratigraphy of thi' Lameta series. The fishes 
were obtained from Donargaon in Central Provinces. They 
include species of Eoserraniig, I^pidosh us, and Pycnodm. 
The first of these belong to the order Tekoslea of bony fishes, 
the latter belong to the less highly organised order of Ganoiden. 
Dr. Smith Woodward has, from the evidence of these fish 
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remains, determined the age of the Lameta seri<‘.s to be lietween 
Danian and I/iwer Eocene. 

The Lameta serie.s everywliere rests with a great uncon¬ 
formity over tiu' oilier rocks, whether they are Archaean 
gneisses or some member of the (lomlwana, or on the llagli 
beds. As a rule they are conformably overlain by the earliest 
lava-flows of the Deccan Tra|is series of voleanic ernptioiis 
which began at this |s)int. and the geology of which now 
claims mir attention. At a few ])laces. however, the lowest 
Tra{)s e.xhibit ilLscordant relations to the l,ametas, denoting 
that a considerable interval of time elapsed before the 
Volcanic cycle began. It is ipiite |)robable, however, that the 
di.scordant relations may be oidy apparent anil inav be due 
to the fact that in the.se |(articnlar cases the supposed Lameta 
limestone is only the altered calc-gneiss' which Fermor and 
others have found so commonly bignecn the Tra|is and the 
■Vrehaeans and which has in the ]iasl been so often mistaken 
for Lameta limestone. 

‘ See (’hapttT in. p. •*»:' ohl. 



CirAPTI'^R XVI 

DliU'AX THAP 

The p-mt Towards tlie closo of tlu“ Crotaicoiis, sul)so(|H(>iit to tiic depo- 
formalhjii sitioD of tlio Uaf,di and tlio Lanic’ta beds, a laree part of the 
of India. P(>iiiri,sula was alfect.ed by a stupi'iidoii.s oiitbur.st of volcanic 
enerf'v, resnltinf{ in tin? eruption of a I hick series of lava and 
as.sociated pyroclastic materials. This .serii's of eruptions 
l)roce(‘ded from fissures ami cracks in the surface of the earth 
from which highly li((uid lavas welhsl out intermittently, 
till a thickness of some thousands of feet of horizontally bedded 
sheets of basalts had resulted, obliteriitino all tin? previously 
e.vi.stiiif' topoeraphy of the country and converting it into an 
imnnmse volcatiic |)latean. That the eruptions took pla<?e 
from fissures such as tho.se which iirise when the surface of 
the earth is in state of tension, and not from the more 
localisi'd vents of volcanic craters, is <‘vident from a number 
of cinminstanees, of which the entire absence of anv traces, 
even the most vestigial, of vokainoes of the iLsiial cone-and- 
crater type, and the almost (lerfect horizontality of the lava- 
sheets, in the immense ba.sallic region, are the most significant. 

This great volcanic formalioti is known in Indian geology 
under the name of the Deecan Traps. The term “ trap ” 
is a vague, general term, which denotes many igneous rocks 
of widely different nature, but here it Is used not in this sense 
but as a Swedish word meaning “stairs “ or “steps,” in allu¬ 
sion to the usual step-like aspect of the weathered hills of 
basalts which are so common a feature in the scenerv of the 
Deccan. 

Area. The Deccan Traps cncomiwss to-day an area of 200,000 
square miles, covering a large part of Cutch, Kathiawar, 
Gujarat, Deccan, Central India, Central Provinces, etc., but 
I9i 
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their present distribution is no measure of their past extension, 
since denudation has been at work for ages, cutting through 
the basalts and detaching a number of outliers, separated from 
the main area by wide distances. These outliers, which arc 
scattered over the whole ground from W, Sind to Uajah- 
numdri on the Hast ('oast, therefore, must testify to the 
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original extent ol the, formation, which at tlic time of its 
completion couhl not have been much h'ss than half a million 
■sijuare miles. 

The ma.xiimim thickne.ss of the Iteccan Traps reaches toThicknc 
nearly 10.000 feet along the coast of Hombay, but. it rapidly 
becomes le.ss farther ea.st, ami varies much at different i)hu es. 
Towanls its southern limit it is between 2lt()0 ami 2.u(K) feet; 
at Amarkantak, the eastern limit, the thickne.ss is .uOO feet, 
while in Sind, i.e. the northern limit, it <lwindles ilown to u 
band of only 1(K) or :!(K( feet. In Cntch the Traps are about 
2:XH) feet in thickne.ss. The individual lava-flows are about 
In feet on an average, but occasionally .some flows arc .seen 
reaching !50 feet in thickness, Tlu; successive .sheets of lava 
are ofteiv separated by thinner partings of ashes, scoriae and 
green earth, etc,, and in very many ra.scs by true sedimentary 
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beds, which are hence called inter-trappean beds. The ash 
and tuff beds are pretty uniformly distributed throughout, 
but they are scarcer towards the lower part. 

The presence of volcanic ashes and tuffs suggests explosive 
action of somt! intensity. This might have been the case at 
certain liKai vents along th<f main fissures, where a few sub¬ 
sidiary cones may have been raised. The eruption of the 
main mass of the lava was, however, of a quiet, non-explosive 
kind, as Ls the ca.se with lissure-cruptions. 

Boriiontality A very remarkable cliaracter of the lavas of the Deccan 
of the lavas, having an imjwrtant bearing on the question of 

their mode of origin, is their persistent horizontality through¬ 
out their wide area. It is only in the neighbourhood of 
Bombay that a marked departure from horizontality appears 
and a gentle dip is |)erce])tible, of about 5°, towards the sea. 
Other localities, where a slight but appreciable inclination and 
even gentle folding of the lava-sheets Ls noticeable, are the 
Western Satpuras, Kaiulesh and the Hajpipla hills, near 
Broach, but these. di])8 are believed to be due to the effects of 
late disturbances of level due to tectonic causes rather than 
to an original inclination of the flows.* 

Petrology. In petrological composition the Deccan basalts are singu¬ 
larly uniform. The mo.st common rock is a normal augite- 
basalt, of mean specific, gravity 2'82. This rock persists, quite 
midifferentiated in composition, from one extremity of the 
traj) area to the other. The only variation is in the colour 
and texture of the rock; the most jrrevalent colour is a greyish- 
green tint, but a perfectly black colour or lighter shades are 
not uncommon. A few, especially those of trachytic or 
more acid composition, are oven of a rich brown or buff colour; 
less common arc red and purple tints. The texture varies from 
a fine-textured crypto-crystalline, almost vitreous am>nesUe, 
through all gradations of coarseness, to a coarsely crystalline 
dolerile. The rock is often vesicular and scoriaceous, the 
amygdaloidal cavities being filled up liy numerous secondary 
minerals like calcite, quartz, and zeolites. Porphyritic close- 
grained varieties, with phenocrysts of glas.sy felspar (sanidine)i 
have an almost semi-vitreous lustre, a dark lustrous colour, 
‘ Rec» vol. xlvii. pt. 2, 1916. 
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aid conchoidal fracture. Owing to the high basicity, and 
^nsequent fluidity of the lavas, crystallisation was a com¬ 
paratively rapid process, for which reason basalt-glass tir 
lachylile is quite rare, except in some “chilled edges,” where 
a vitreous glaze apiH'ars. 

Over enormous extents of the trap area there is no evidence 
at all of any magmatic differentiation or variation indicatiHl 
by the presence of acidic or intermediate varieties of lavas. 

One ver\’ notable e.xception, however, apjtears in some parts of 
Gujarat, e.g. the Pawagarh hills near Bariala. and some parts 
of Kathiawar, where lavas of more acid com|)osition (rhyolites 
and trachyte.s) are found a.ssia'iated with the basalts. Their 
occurrence in close a.ssociation with the oi-dinary basalts 
suggests that they wenp local diflerentiation jinslucts of the 
same magma. The most common of these ludd lavas are 
rhyoUles, approaching davitea and qimrlz-iuidesUes, pikhstoms 
and pumice} In Kathiawar, U. B. Foote found a large 
number of acid and basic trap-dykes intruded into the main 
trap-flows. The basic varieties are of dioritic or doleritic 
composition, while acidic dykes are conqsiswl of trachytes 
or rocks of allitnl composition and character. 

As we have seen in the last chapter, there is a much greater 
diversity of petrological coinimsition among the erujitive and 
intrusive products of the I'.xtra-Peninsula, which are in ail 
probability the representatives of the Di'ccan Tra]) of the 
Peninsula. 

In microscopical characters, the basalts an- hemi-crystalline, Microwupio 
augite-basalts, as a rule free from olivine. The mineral olivine 
is a very rare constituent. The bulk of the rock is comiiosed Dcwmi 
of a fine-grained mixture or ground-mass of felspar and augite. '*“*'•* 
Besides abundant piagioclase (iabradorite or anorthite) prisms, 
which are often corroded at the eilges, there occur sometimes 
large tabular crystals of clear glas.sy orthoclase (sanidine or 
adularia) as phenoerv-sts in the ground-mass. But porphyritic 
structure is not common. In the ordinary grey or green 
basalts there is very little glass, or isotropic nwidue, left, it 
being all devitrified ; but in the black dense specimens there 
is a large quantity of glass present, of a green or brown colour. 

‘ Fermor, R«. voU xxxiv. pt. 3, liHS). 
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In sonic cases the peculiar amorphous isotropic product pala- 
(jmiite * is scon in the amygdaloidal cavities of the rock. The 
augitc, the next important constituent, is present in small 
grains, very rarely with any crystalline outlines. Magnetite 
is almndaiitlv disseminated through the ground-mass either 
as idiom’orphic crystals or grains, or as secondary dendritic 
aggregates. 

The ri'lation of the plagioclase to augite crystals, when 
apparent, is of a modified opliilk type, the latter having a 
tendency to partially enclose the former. Primary accessory 
minerals are few, like apatite, but secondary minerals, pro¬ 
duced by the wide-s|)read meteoric and chemical changes that 
the basalt has umlergone, are many, viz. caleite, quartz, chal¬ 
cedony, glauconite, prehnite, zi'olites, etc., filling up the steam- 
cavities as well as the interstices of the rock. By the dis¬ 
coloration attending these changes the original black colour 
of the basalts is altered to a grey or greimish tint (glauconiti- 
sation). (Ilauconite is a very widely distributed product in 
the ba.salts of the ])ec<an Trap, both in the body of the rock 
as well as coating the amygdaloiilal secretions. The. basalt- 
tuffs are eonqiosed of the usual comminuted lava-particles, with 
fragments of ]minicc, crystals of hornblende, augite, felspar, 
etc. 'I'hev are usually finely bedded, and have a shaly a.s]K'ct. 

TIh' basalts e.xhibit a tendency to spheroidal weathering by 
the c.\foliati(ai of roughly eoncentric shells, hence rounded 
weathered masses are evervwhen^ to be seen in the exposed 
outcrops, whether in the field and in stream-courses or on the 
si'u-eoasts. Prismatic jointing, or columnar structure, is also 
oKserved in the step-like series of |)erpendicular escarpments 
which the sheets of ba,salt so often ])resent on the hill-side 
or slojav At some places beautiful symmetrical prismatic 
columns are to be .seen ; this is especially observed in some 
dykes, v.ij. those of (’utch. It is the tendency of this kind of 
jointing, giving rise, to the landing-stair-like or “ghat’’-like 
aajiect to the basalt hills of the Deccan, that has given the 
name of the Deccan Trap to the formation. 

* PAlftgoiiito in the name pivon to a jH'onliar or hrown amorphous 
nlteration prmiuct, resemblinp plnss, met with in some volcanic rooks. Its 
exact oripin is not known with certainty. 
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Among the abundant secondan' minerala that are found 
as kernels in the amygdaloidal cavities, the most common 
are the, zeolites, stilbite, apophvltite, lumlandito. scolecite, 
laumontite ; also thomsonite and chabazite ; calcite, crystal¬ 
line quartz, or rock-crystal and its cryptocrystalline varieties, 
chalcedony, agates, carnelian, heliotrope, bloodstone, jiwpor, 
etc. Glauconite is abundant as a coating round tin; kernels. 

The following table shows the stratigraphic relations of the stmtigraphy 
Deccan Traps among themselves, and also with the overlying 
and underlying rocks : 


Xammulitici of Surat and I’roacli; Kooeiic of Cutcli; laitcrite. 


Unconformity. 


Upper Traps, Lava Hows with iiumcnjua asli-lKsIs ; sedimentary 
LKH) ft. inter-tra|)|H-aii lieds of Itomhay with large numlier 

of fossils, vortehrata and molliisi an shells. 

Bliddle Traps, Lavas and ash-liods forming the thickest part of the 
4000 ft. series. Xo fossiliferous intcr-trapiM^an IsMis. 

Lower Traps, Lavas with few a.sh-l)<sis. t'ossilifcrous iiiU-r- 
500 ft. trappeans numerous in the CVntral I’rovinciw, 

Xarl)ada, Berar, eU'. 


Slight unconfonuity. 


Lameta or Infra-trappean Series; Bagh Beds; Jahal|>ur B«ls and 
()ldcr Utaks. 


At short intervals the lava-tlows are separated by sediitien- inter- 
tary beds of small vertical as well its horizontal extent, 
lacustrine or fluviatile deposition formed on the irregularities 
of the surface during the eruptive intervals. These sedimen- 
tar)' beds, known as Inter-trappean beds, are fossiliferous, 
and are valuable as furnishing the history of the periisis of 
eruptive quiescence that intervened between the successive 
outbursts, and of the animals and plants that again and again 
migrated to the quiet centres. Usually they are only 3 to 10 
feet in thickness, and are not more than three to four miles 
in lateral extent, but they are fairly regularly distributed 
throughout the huorr and upper traps, being rarely absent 
for any distance in them. The rocks comprising these beds 
are a black, cherty rock, resembling lydite, stratified volcanic 
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detritus, impure limestones and clays. Many plant-remains 
and fresh-water molluscan shells are entombed in these, 
together with insects, Crustacea, and the relics of fishes, frogs, 
tortoises, etc. The most common shell, which is also the 
most characteristic fossil of the inter-trappean beds, wherever 
they have been discovered, is Physa princepii —^a species of 
fresh-water gastropod ; other fossils are Ljpnnia, Unio, Palu- 
(Hna, Vdlmita, Melunui, Natka, Vicarya, Cerithiim, TurriteUa, 
Pupa ; the Crustacea Cypris and the fresh-water alga Chara, 
with some other plants, bones, scales, scutes, teeth of verte¬ 
brate animals, e g. fish, frogs {Ram and Oxyglossus) and tortoises 
(Hynrnspis, Testiido, etc.). 

A tvp'-scctioii through a portion of the basalts will show 
the relations of the traps to these .sedimentary intercalations 
as well ns to the infra-trappean Lametas. 

1. Ueclde'l liiwiiilts. thick. 

2. (’herty beds, lydites. with I’nio. PnhuUna, Cypris, etc., 5 feet. 

:i. Ihsidcd hn-sail-f, very tiiiek. 

■1. Itn|mrc limestone, atratitied tutfs, etc., with Cypris, Physa. and 
broken siieiis. 7 feet. 

Uediied bnsnils, thick. 

t). Siliieoiis limestones with sandstone (Lametas), with a few shell 
fragments, 20 feet. 

The mode of The lowermo.st trappean beds rest upon an uneven floor of 
older rocks, showing that the eruptions were subaerial and 
Doeean not subaqueous. In the latter case, i.e. if the eruptions had 
taken place on the floor of the sea or lake, the junction-plane 
between the two would have been quite even, from the de¬ 
positing action of w’ater. As already alluded to, the actual 
mode of the eruptions was discharge through linear 
fissures, from which a highly liquid magma welled out 
and spread itself out in wide horizontal sheets. This view 
is abundantly borne out by the monotonous horizontality of 
the traps everj’wherc, and the absence of any cone or crater * 
of the usual type as the foci of the eruptions, whether within 

^ H(^re must be menttonc<l a few curious icircular hoUowii in the surface of 
the trap-tiows near Shikarpur in (he Deccan. Their exact significance is not 
understood, but Femior regards them as small vents in the unconsolidat^ 
lava-flows for the escape of steam and gases. Th^ are called croterfets.” 
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the trap region, or on its periphcrj'. The most gigantic out¬ 
pourings of lavas in the past, in other parts of the world, 
have all taken place through fissures, viz. the great basaltic 
plateau of Idaho in the U.S.A., the Abvssiniau plateau 
and the sheet-basalts of Antrim, etc. A recent analogy, 
though on a very much smaller scale, is furni8he<l by the 
Icelandic type of eruptions, i.e. erujitions from a chain of 
craters situated along fissure-lines, ((’f. the laki eruption 
of nsh) 

For any proof of the exi.stenc(^ of the original fissures FiMoro- 
which served as the channels of these eruptions we should 
look to the peripheral tracts of the Deccan Traps, as 
it is not easy to detect dykes and intrusions, however 
large, in the main mass of the lavas, unless the former 
differ in petrological chanveters from the latter, which is never 
the ca.si^ actually. Ixmked at in this way, some eviihnice is 
forthcoming as to the original direction and distribution of 
the fissures. Dykes of large size, massive irregular intru¬ 
sions, and ash-beds arc observed at a miinher of )>laf;es 
in the neighbotirhood of the tra]) area around its Ixnuidary.' 

The most notable of these is the Rajpipla hill tract 
near Broach. lit Cuteh likewise there are numerous 
large, dykes and complex ramifications of intrusive masses 
visible, along the edge of the trap country, among the 
Jurassic rocks. The trap area of Kathiawar is traversed by a 
large number of dykes intnided into the main mass of the 
lavas. They are of all sizes, and follow different directions. 

The dykes of Kathiawar are com]io8ed either of an acid, 
trachytic rock, or of a coarse-grained dark doh-ritic or dioritic 
mass. Similar fi,ssurc-dykes wcur in the Narbada valley 
among the Gondwana rocks ; they are likewise, seen in the 
Konkan, while ash-beds are of very fre(pient occurrence near 
Poona; all these are evidences of the vicinity of an eruptive 
focus. It is clear that the foregoing instances of dykes, etc., 
are only the starting-points of the linear fi.ssures which ex¬ 
tended a great into the interior. 

^ The«e dykes, intrusions and ash'bcds mtixt naturally abound in the 
vicinity of an eruptive site, and thus help to indicate the location of the 
fissure and its probable direction in the interior. 
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Age of the There is no internal evidence in the Deccan Traps with 
T^i!' regard to their age. The inter-trappean fossils do not throw 
much light on the age of the beds in which they are entombed. 
To establish an accurate correlation of the great volcanic 
series in terms of the standard stratigraphic sequence, we 
must look to external evidences furnished by the underlying 
and overlying marine and estuarine beds. The eruptions 
were certainly subsequent to the Bagh beds (Cenomanian) 
which they overlie at some places, and to the. Lameta series 
which they overlie at all others. The upward limit of the 
series is fixed by the interstratification of a few flows of the 
traps with the (Jnrdila beaiimonli beds of Sind, whoso horizon 
is fixed as Danian. At one or two places on the west coast 
the traps are unconformably overlain by small outliers of 
Nummulitic beds, as at Surat and Broach. Here the uncon- 
formable junction, denoting an appreciable lapse of time 
between the last eruptions and the submergence of the area 
is ipiite marked. At Itajahmundri, on the Godavari delta, 
a distant outlier of the traps occurs resting on the top of a 
small thickness of marine Cretaceous sandstone of Ariyalur 
age. In the midst of the trap series in the last-named 
locality are found sedimentary beds of estuarine and marine 
dejiosition containing fossils such as Turritelh, Nautilus, 
C'erilhium, Morgania, Polamide.i, Corbuk, Hejuilotm, Tgm- 
pamtoiiins, together with the highly typical Phgsa princepii. 
Tlies(! fossils, however, do not lead to any ilefinite inference, 
as the affinities of the species and genera are not very 
pronounced. 

But from the preceding e//cr«u I evidences it is quite apparent 
that the Deccan Trajis could not have been older than the 
Cenomanian stage of the Upper Cretaceous, nr much younger 
than the Danian stage of the very topmost Cretaceous. 

If, however. Dr. Woodward’s inference of the age of the 
Lameta series is accepted, the age of the traps is somewhat 
younger (Lower Eocene). 

With the trifling exceptions of Surat and Qroach Tertiaries 
noted above, together with the alluvial deposits of river- 
valleys, by far the largest area of the traps is uncovered by 
any later formation. The peculiar subaerial alteration- 
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product, known aa hterite, sunnounta the higliest flow of the 
trapa everywhere as a cap, hanng been prmliiced by a slow 
meteoric alteration of the basalts. 

The basalts are largely employf-il as road-metal, in ])iiblic Economion. 
works, and also to a certaii\ e.xtent as a building stone in 
private dwellings. From their prevailing dark colour and 
their generally sombre aspect, however, the rock is not a 
favourite building material. The large kernels of chalcedony 
often yield beautiful agates, carnelians, etc., worked into 
various ornamental articles by the lapidaries, for which there 
was once a large market at t’amhay. These are obtained 
from a Tertiary conglomerate, in which ]s-bbles of chalcedony, 
derived from the weathering of tin* traps, were seahnl u]). 

The .sands of some of the rivers and some parts of the sea- 
coast art' inagnetitic, and when sulHeiently concentrateil (as 
on some sea-beaches) are smelted for iron. The soil produced 
by the decomjMjsition of the basalts is a rich agricultural soil, 
being a highly argillaceoius dark loam, containing cahhum and 
magnesium carbonates, potash, ])hosphates, etc. .Mindr of 
the well-known “cotton-soil,” known as the “ bla<’k-.soil ” or 
regur is due to the subaerial weathering of the basalts in .siln, 
and a subsei|uent atlmixture of the weatlnned ])roduets with 
large quantities of kuniu.t and other organic matter. 
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THE TERTIARY SYSTEMS 

INTRODUCTORY 

aenciol. Ifj Kiirope tlu! upper limit of the Cretaceous is marked 
l)y ail abrupt kiahis between it and the overl3'ing Eocene 
group of deposits. A sudden and striking change of 
fauna takes place in the latter .s\’stem of deposits, by 
which not only do species and genera that were char- 
acteristic^of the Mesozoic in general and of the Cretaceous 
in particular disappear from the latter group, but whole 
families and orders of animals die out, and new and more 
advanced typi's of creatures make their appearance. The 
<'la.ss of Reptiles, the pre-eminent vertebrates of the Cretaceous 
period, undergo a serious decline by the widespread e.xtinction 
of many of the orders of the class, and Mammals begin to 
take precedence. The earliest mammals are of a simple or 
generalised type of organisation, but they soon increase, in 
eomple.xity, and are differentiated into a large number of 
genera, families and orders. Among the invertebrata the 
cephalopod cla.ss suffers the most widespread extinction of its 
species with the advent of the new era; the ammonites and 
belemnites, which formed such conspicuous parts of the 
Me.sozoic faunas of all parts, are swept awav altogether. They 
are now only the items of geological history like the trilobites 
of the Palaeozoic era. The place of the cephalopoda is taken 
by the gastropods, which enter on the period of their maximum 
development. 

In India these changes in the historj’ of life are as well 
marked as in the other parts of the world, although there is 
not any sharply marked stratigraphical break perceptible aa 
in Europe. 

•xa 
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The Tertiat)' era is the most important in the physical Phy»i«i 
history of the whole Indian repon, the Himalayas as well as "^*"**‘ 
the Peninsula. It was during these ages that the most im¬ 
portant surface-features of the area were aoquired, and the 
present configuration of the country was outlined. Con¬ 
currently with the end of the Cretaceoiw or with the heginning 
of the Eocene, an era of earth-movement.s set in whieli materi¬ 
ally altered the old geography of the Indian region. Two great 
events of geodvnamics stand out prominently in these read¬ 
justments ; one the breaking up of tin* old (loiidwana cont inent 
by the submergence of large segments of it umh'rneath the. 
sea, the other the uplift of the geosynelinul tract of sea deposits 
to the north into the loftv chain of the Himalayiw. 

The prodigious outburst of igneous forct's towards the later 
part of the Cretaceous seems explical)le when viewed in con¬ 
nection with these powerful crust-movements and deforma¬ 
tions. The close association of |>eriods of (‘arlh-movements 
with phenomena of vulcanicity in the records of the past 
lends support to the inference that the late Cretaceous igm'ous 
activity was in some way antecedent to these earth-movements. 

The transfer of such masses of magmatic matter, as we 
have seen in the last chapters, from the inner to the outer zone 
of the earth's sphere could not Init be nccom|(ani(sl by mark('<l 
effects (HI the surface, chiefly of the nature of subsidence 
of cru.st-blocks and. secondlv. wrinkles and folds of the 
superficial layers of the crust, and I'ire ivmi, the dislocations 
and deep corrugations and plications of the surface which 
marked the early part of the Tertiary must have ppxiuced 
material effects on the dcejwr zone. The exact nature of 
this interaction between the exterior and interior of the 
earth is not understood, but there Ls no doubt regarding 
the collateral and consequential nature of the two phenomena 
of eruptivity and earth-movements. 

The vast pile of marine sediments that was accumulating Theelevs- 
on the border of the Himalayas and in Tibet underneath the 
waters of the Tethys, since the Permian peri(xl, began to be 
upheaved by a slow secular rise of the ocean-bottom. During 
the long interval of ages from Mid-Eocene to the end of the 
Tertiary this upheaval continued, in several intermittent 
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phaaes, each separated by long periods of time, till on the site 
of the Mesozoic sea was reared the greatest and loftiest chain 
of mountains of the earth. The last signs of the Tethys, after 
its evacuation of the Tibetan area, remained in the form of a 
few straggling basins. One of these basins occupied a large 
tract in Ladakh, to the north of the Zanskar range, and another 
in the Huinles province in Kumaon; on their floors were laid 
dowm the characteristic deposits of the age, including amotig 
them the Nummulitic limestone-that indubitable and un¬ 
failing landmark of geological history. These sedimentary 
basins are of high value, therefore, in fi.xing the date of com¬ 
mencement of the uplift of the Himalayas in the time-scale 
of u'h'avT There were three great phases of the upheaval of 

of this mountain system. The first of these was post-Nummulitic, 

Hiiimlsyas. j g, about middle of the Eocene, which ridged up the central 
axis of ancient sedimentary and crystalline rocks. It was 
followed by another at the end of the Sirmur period (Mid- 
Miocene), which lifted the latter zone of sediments, converting 
them into the inner lesser ranges of the sub-Himalayas. The 
third and final phase elevated the.se two zones, together with 
the outlying zone of Siwalik deposits at their foot, into the 
Himalayan mountains as we now see them. This last phase 
was of Pliocene age, pasterior to the deposition of the great 
thickness of the Siwaliks. 

As already stated, it was in the early Tertiary, or the end 
of the Cretaceous, that Gondwanaland, the most prominent 
feature of the earth’s Mesozoic geography, finally broke up, 
and the Peninsula of India acquired its present restricted form. 
Incidental to this change, a profound redistribution of land 
and sea took place in the southern hemisphere. Few geo¬ 
graphical changes of any magnitude have occurred since 
these events, and the triangular outline of South India acquired 
then has not been altered to any material extent. 

Distribution Tertiary rocks, from the Eocene upwards to the Pliocene, 
TerUury “f®®® of India, but in a most unequal pro¬ 
systems portion in the Peninsula and the extra-Peninsula. In the 

“ *■ Peninsula a few insignificant outcrops of small lateral as well 

as vertical extent are exposed in the near vicinity of the west 
coast in Travancore, Gujarat and Kathiawar. A somewhat 



THE TERTIARY SYSTEMS 


206 


larger area is covered on the east coast of these rocks, where 
a belt of marine coastal deposits of variable horizon, from 
Eocene to Miocene and Pliocene, is developed, and recog¬ 
nised as the Cwlditlore sniidslom'. A third and more comit'cted 
sequence of Tertiary deposits is in Cutch, where a band of 
these rooks overlies the south lamler of the Deccan Trap. 

The Tertiary rocks of the extra-Peninsula are much more Tertiary 
important, and occupy an enormous supi'rlicial extent of the 
country. They are most prominently displayed in a belt run- IVniinmla. 
ning along the foot of the mountainous country on the western, 
northern and eastern borders of the country, The Tt'rtiary 
rocks are es.sentially connected with these mountain ranges, 
and enter largely into their architecture. The geological map 
of India depicts an unbroken band of Tertiary devclopnamt 
running from the sonthermost limit of Sind and Baluchistan, 
along tile whole of the west frontier of India. thri>ugh the trans- 
Indus ranges, to the north-west Himalayas, where it attains 
its greate.st width ; from there the Tertiary baml continues 
ea.stward, though with a diminished breadth of out crop. Hanking 
the foot of the Punjab. Kuuiaon. Nenal and .\ssani Himalayas, 
up to their termination at the gorge of the Brahma|nifra. 

Thence the outcrop continues southward with an acute bend 
of the strike. It is here that the Tertiary system attains its 
greate.st and widest superficial e.xtent. ex|ianiling over Bast 
.4s.satn, Upper and Lower Burma to the extreme south of 
Burma. 

In all these areas the Tertiary .system exhibits a double Dual fw'ii'a 
facies of deposits- a lower marine facies and an up]«'r fresh- 
water or subaerial. The exact horizon where the change 
from marine conditions to fresh-wali'r takes jilace cannot be 
located with certainty at all parts, but from Sind to Burma, 
everywhere the Eocene is marine and the Pliocene Iluviatile or 
even siibaerial. The seas in which the early Tertiary strata 
were laid down were graduallv driven buck l)y an uprise of their 
bottom, and retreated .st)uthwanl from the two extrendties 
of the extra-Peninstila, one towards the Bay of Bengal and 
the other towards Sind and tin- Haim of Hutch, giving plane, 
in their slow regression, to estuarine and then to iluviatile 
conditions. 
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Tertianeo of 
Surat and 
Broach. 


In the present chapter we shall take a brief general review 
of the Tertiary sequence in India as a whole, leaving the more 
detailed notice of these systems to the three following 
chapters. In the Peninsula the following occurrences of the 
Tertiary strata are observed : 

Travancore. 

A sniall outcrop of Middle Tertiary limestone is found 
in the vicinity of Quilon beneath the superficial cover of 
latoritc. A few bright-coloured sands and clays, enclosing 
bands of lignite with lumps of fossil resin (amber), and pyritous 
clays occur with the limestones. The limestone strata are 
full of fossil gastrop(Kls, ejj. Corns, Slmnbus, Valuta, 
Cerithium, etc. A species of foraniinifer, Orbitolites, is also 
present in the limestone. 

A very similarly constituted outcrop of Tertiary rocks is 
seen at Patnagiri, on the Malabar coast, underneath the 
laterite. 

QtgO'rat. 

Two small exposures of Eocene rocks, also underlying 
the laterite cap, are seen as inliers in the alluvial country 
between Surat and Broach. The component rocks are 
thick beds of ferruginous clay, with gravel beds, sandstones, 
and limestones, from 500 to 1000 feet in thickness, resting with 
a distinct unconformity on the underlying traps. These beds 
are well exposed at Bodhan, near Surat, on the Tapti. The 
gravels are wholly composed of rolled basalt-pebbles and some 
agates derived from the disintegration of the traps. Lime¬ 
stone strata arc found in the lower part of the exposure, and 
are full of foraminifers belonging to several species of the genus 
Nionmulites, and Osfrea, Bostelhria, Naticu, etc., from the 
evidence of which the Gujarat Tertiaries are correlated to the 
Kirthar series of Sind. Above these beds comes a great thick¬ 
ness, 4000-5000 feet, of gravel beds and clayey and ferruginous 
sandstones well e.xposed at Ratanpur, near Broach. The gravel 
and shingle beds are about wholly made up of large water- 
worn pebbles of basalt and chalcedony. The latter pebbles 
are extracted, by means of pits dug into the conglomerate, 
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for working them for agates. The age of the upper group is 
estimated as equivalent to the Gaj series of Sind.. 

Kathiawar. 

At the extreme east and we.st points of the Kathiawar 
Peninsula, Tertiary strata of Miocene or Pliocene age are 
found overlying the traps. The western outcro]i is known 
as the Dwarka beds, and con.sist.s of soft gyj)siferoua clays 
overlain by sandy limestone contaiidng many foraminifera. 

The other occurrence is near Bhavnagar. a detached outlier 
of which cro))s out in the Gulf of I'andiay as the island of 
Perim. The Perim islanrl was a famous ha'ality for the collcc- ivrini ialuml 
tion of Tertiary mammalian fotssils, and has yielded in past 
years many perfect fossil specimens of s(?veral varieties of 
extinct quadrupeds. The rock is a hard ossiferous conglo¬ 
merate, enclosing many skulls, limb-bones, jaws, teeth, 
etc., of mammals like goats ((Jupni). pigs (Sun), Diiiollieriuui, 

Rhinoceros, Mnsloilon, etc., of Jliddle and even Upper 
Tertiary affinities (Miocene to Pliocene). Many of these relics 
were found among the Ix'ach-shinglcs produced by wave- 
action on the conglomerate coasts. 

[With the exception of the rather large .Jurassic inlier aroniKl 
Dhrangadhra, a few small Cretaceous outcrops near Wadliwan. 
and the Tertiary development described aliove. by far the largest 
aurface-e.\tent of the Kathiawar peninsula is iK?cu|)ied by the 
basaltie traps. It is only in the peripheral parts of the |)roviiice. 
in the immediate vicinity of the coast, that rocks of ditferent 
composition arc met with, comiroseil of marine coastal accumu¬ 
lations of later ages. Of these the deposits known as the 
Porbander sandstones (Miliolite) are the most inqiortant. and 
will be described later.] 

dutch. 

The Tertiary area of t'utch Ls on a larger scab; than Tertiariosof 
those last described. It is stjcn bordering the Trap and the 
Jurassic area of Cutch proper, in two long bands parallel 
with the coast. The older, inner, band abuts upon the traps 
directly, while the outer, newer, band runs parallel with the 
latter, but approaches the traps by overlapping succe-ssively 
the different members of the older Tertiaries. To the east 



208 


GEOLOGY OF INDU 


it encroaches still further north, and comes to rest uncon- 
formably on the Jurassic beds by overlapping the traps in 
tuni. * 

The bottom beds are argillaceous, with bituminous gypseous 
and pyritous shales, wliich by their constitution recall the 
Laki series of the much more jK'rfectly studied Tertiary 
He(|uencc of Sind. This is succeeded by about 700 feet of 
impure, sandy limestones with Alveolmi, corals, 

(■chinoderms, etc., represcTiting the nuissive Numinulitic lime¬ 
stone of the Kirthar horizon. Abovi' this comes a thick 
succession of clays, marls, and calcareous shales, crowded with 
fossils of gastropcsls, corals and echinoderms, e.g. Tiirritella, 
[Vhus, VorbuUt, lirei/niii, etc. This part of the secpience 
corresponds to the (laj (.Miocei\e) horizon of Sind. It is suc¬ 
ceeded by a large develo])ment of U])per Tertiary strata repre¬ 
senting the .Manchar series of Sind and the Siwalik of the 
11 imalayas. The great cr part of the latter formation, however, 
is concealed under recent alluvium, blown sand, etc. 

The accompanying tabh* gives a general idea of the Tertiary 
system of dutch, correlated with the European Tertiarv ; 


Uecc'iit alluvium : blown sand, etc. 


I'Vrniginous oongloinerates, sandstones | ^ 

niwi clays (Mniichnr of Shul). | 

Hicldv (ossiliferoiiH shales, flays, “ud| 
marls with samisbme beds {(laj .wrifu) | " 

Imoure Niimmulitic limestone (A’lrt/airl 
sirios). I 

liituniinous and pyritous shale.s, etc. |, 

{Uiki Keries). l" * ' 


Basalts of the Deccan Trap. 


I Pleistocene and 
I Keeent. 

I Pliocene. 

bower .Miocene 
I (Burdigalian). 
Up|>cr Eocene 
(Itartonian) 
and 

Middle Eocene 
(butetian). 

I 

i lTp]icr drctaceoua 
! (banian). 


Rajputana, 

Kocks of the Tertiary system occur in connection with 
the Jurassic and Cretaceous inliers of Bikaner and 
Jaisalmer in the desert tract of Kajputana. west of the 
Aravallis. The characteristic Xummulitic limestone is readily 

* Wynne's ’* Map of Ciitch.’' Mew. G.S.L vol. ix. pt. 1, 1872; also 
''Oeuiogical Map of India (1010), scale 1 in. =32 miles. 




THE TERTIARY SYSTEMS 


209 


recognised in them by means of its foratninifera and other 
fossils. The numnmlitic strata are underlain by a group of 
shaly beds, the shales enclosing some seams of bituminous 
coal and lignite. These reveal the Ijaki facies of Sind Ter¬ 
tiary. Some beds of yellow and brown earthy shale belonging 
to this series are quarried for the use of the material as fuller’s 
earth {MuUani nuiUee). The Palana coal-field of the Rikaner 
State is situated on an outcrop of this same series. 

The Coromandel Coast. 

A fairly widely developed series of Tertiary fiissiliferous Ciiddalnn.' 
rocks is found along the east coast, underlying the post- 
Tertiary or Quaternary formations and overlying the 
various Mesozoic coastal deposits. These formations arc 
grouperl under the general title of the CiMihre .sencx, 
from a tomi of that name. Outcrops of the Cutldalore 
series commence as far north as Orissa and Midnapur, from 
whence they extend in a number of more or less disconnected 
inliers through the whole length of the coast to the e.xtremity 
of the Peninsula. A closely related formation is also met 
with on the west coast, extending as far north as Karikal. 
Throughout this extent the deposits are of irregular distri¬ 
bution and of variable composition. A variously colourc<l and 
mottled, loose-textured sandstone is the principal comjxment 
of the series. It is often ferruginous. argilla(!cous and grit ty. 

It rests everywhere unconformably on the older deposits of 
various ages, in one instance overlying the Ariyalur stage 
of the Trichinopoly Cretaceous. At some places it is 
covered by a lateritc cap, at others by later alluvium. Some 
patches of the C'uddalore sandstones abound in fossils, primd- 
pally gastropods, e.g. Terebra, Comix, CawxUuriti, Olivo, MUra, 

Fuxus, Buccinum, Nassa, Murex, Triton, etc. Oslrm and 
Fotamin^era of several species are also present. A great 
part of the Cuddalore sandistones is believed to be of Miocene 
age, but some parts of it may be of newer horizons. 

A somewhat similar series of beds composed of sands, clays 
and lignite, capped by laterite, occurs on the Travancore coast, 
and is designate as the Workalli beds. The Warkalli beds arc 
regarded as of fresh-water origin. 

w.n.i. 


0 
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TERTIAEY SYSTEMS OF EXTRA-PENINSULAR 
INDIA 

The Tertiary development of the extra-Peninsula is far more 
extensive, in which all the stages of the European Cainozoic 
from Eocene to Pliocene are developed on a scale of great 
magnitude. It has again been more closely studied, and its 
stratigraphy as well as palaeontology form the subject of 
several voluminous memoirs published by the Geological Sur¬ 
vey of India. The palaeontological evidence available is quite 
ample for a very precise correlation of the different exposures 
with one another in the immense region which, they cover, as 
well as with the stages of the standard Tertiary scale. 

The following are the principal localities where the system 
is best exposed : Sind, the Outer Himalayas, Burma, the Salt- 
Range and the Assam hills. 


Sind. 

The great series of Tertiary deposits of Sind are t 3 'pically 
exposed in the hill-ranges, Kirthar, Laki, Bugti, Suleiman, 
etc., which separate Sind from Baluchistan. The Tertiary 
sequence of Sind is, by reason of its exceptional develop¬ 
ment, taken as a tyj)e for the rest of India, for systematic 
puq)03es. The following table gives an idea of the chief 
elements of the sequence : 


Manohar 

ntiei 

(10,000 ft.). 


Lower ami upper beds, grey sand¬ 
stones with conglomerates. 
Middle part brown and orange 
shales and clays, unfos.siUferuus. 
Ix)wcr Manchar conglomerates 
contain teeth of .W<i»(oi/on, flino- 
thcrium, Rhinoctrm. 


Pliocene 
(Tortonian to 
Upper 
Pliocene). 


a 


jMarine yellow limestones and 
Oaj leriM I shales, fossiliferons. 

(1500 ft.), i Bu^i beds of Baluchistan, fresh- 
t water with mammalian fossils. 

( Upper Nari, thick sandstones, un- 
fossiliferous and partly of tluvia- 

(6000 fossiliferous, marine 

1. limestone. 


Lower Miocene 
(Burdigalian). 


Oligocene. 
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fittbvnries 

{3000-9000ft.). 


I Mswive nummulitic timocitonea 
! forming all the higher rangea in 
I Sind, richly foseiliferous. 


LaU larln | Argillaceous and calcareous shales 
ft 1 1 coal-measures. Alveolina 

limestone. Thickness varying. 


Middle and 
Upper Eocene 
(Lutetian and 
Bartonian). 


(Upper fossiliferous brirnu lime- 
Banikot stone and shales, 

lerias Lower variegated shales and sand- 

(2000 ft.). stones, gyiweous and earbona- 

V ceous, tluviatile. 


Itondou clay. 


Cardiia beaumonti la-ds. 


Uanian. 


With reganl to tlie exact stratigraitliic Itorizoii of the tlivi- 
sions in the above table, a.s well as of tho.se that follow, there 
is considerable difference of opinion among the jmlaeonto- 
logLst.s of the Geological Survey of India, which Ls likely to 
remain unsettled for some time. The classification here 
adopted is from the writings of Vredenburg, Pilgrim, and 
other recent authors as Ix-st suited to the pur])oses of the 
student. 


Himalayas. 

Tertiary rocks enter preponderatingly into the conqjosition 
of the outer, lower, ranges of the Himalayas, i.c. the ranges 
lying outside (south of) the central zone, of crystalline and 
metamorphosed sedimentary rf)ck.s. In fact, the. whole of the 
outer stratigraphic zone, which is known as the sub-Himalayan 
zone,* is almost exclusively constituted of Ixiwer and Upper 
Tertiary rocks. With the single exce|)tion not(xl below'. 
Tertiary roeks are absent from the ranges to the north of the 
sub-Himalayas. In the Punjab and Simla Himalayas, where 
these rocks have been studied, they are dispo.sed in two broad 
belts, an outer belt and an inner, formed respectively of the 
Upper Tertiary and the Lower Tertiary. These strata in all 
likelihood continue eastwards with much the same disposition, 
but greatly reduced in width of outcro)) along the Kuraaon, 
Sikkim and still eastern Himalayas, forming the outermost 

‘ Chapter L—the Geological Claaiilication of Himalayas, pp. 9,10. 
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foothills of the mountains, separating them from the plains of 
the United Provinces and Bengal. 


Kashmir Himalayas. 


Vpper Sinalik; 

Clays and bouldtr- 
congloincrate. 

Middle SinaUk: 
Massive beds of 
sand-roek. 

Lower Siwalik: 

(irey micaceous 
sandstones and 
shales. 


Siwalik system 

(16,000 ft.). 

A system of 
duviatilc depo¬ 
sits, clays, sand- 
rock and con¬ 
glomerate with 
mammalian fos¬ 
sils. 


Murree aeries : 

Presh-watorsand- 


stones and clays, 
8000 ft. thick. 
Kuldana beds at 
the base. 

Sttbatbu series: 
Marine numinuli- 
tic beds with Laki 
series of shales 
and coal-seams at 
the base. 


Sirmur system I 
(10,000 ft.). I 


Funiab and Kumaon Himalayas, 


Upper Siwalik: 

Soft earths, clays, 
and boulder-con¬ 
glomerates. 

Middle Siwalik: 
Massive sand-rock 
and clay l)eds. 

Lower Siwalik or 
Nahan: 

drey, micaceous 
sand.stones and 
shales, unfossili- 
ferous. 

Kasauli series: 
Lagoon and sub- 
aerial deposits, 
sandstrmes. 

Dagshai series: 

Fresh-water bright 
red clays and fine 
grained sand¬ 
stones. 

Subathu series: 
.Marine niimmuli- 
lic limestone and 

. shales. 


Pliocene. 


Pontian. 


Middle 

Miocene 

(Tortoni- 

an). 


Lower 

Miocene 

(Hurdigs- 

lian). 


Middle and 
Upper 
Eocene. 


At this place must be inentionotl the rather exceptional 
circumstance of the occurrence of Lower Tertiary strata in 
localities north of the central crystalline axis of the Hima¬ 
layas. Two or three such have been observed, e.g. North 
Kashmir (TiUdakh), and the Hundes province of Kumaon. Of 
these the Ladakh exposure is best known. In the upper 
Indus valley in T.Adakh, to the north of the Zanskar range, 
there is a narrow elongated outlier composed of marine 
sedimentary strata, with nummulites and other fossils asso¬ 
ciated with peridotite intrusions and contemporaneously 
erupted lava-flows, ash-beds and agglomerates. The sedi¬ 
mentary part of this outlier resembles in some measure the 
Subathus of the outer Himalayas. This outcrop will be de¬ 
scribed somewhat more fully in Chapter XXVII. No strata 
of younger age than these have been discovered in any part 
of the Northern Himalayas. 
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Bnnna. 

The constituent scries of the Tertiary system of Burma are 
referable with greater or less exactness to the corres|)oii(ling 
divisions in Sind. The lower uummulitic beds corresiumd to 
the Ijaki and Kirthar series of the latter area. The middle 
part, eomj)i)sed of Oligoeene and lower Miocene strata, is 
distinguished as the Pegu system, and Ls referred to the eom- 
bined Xari and Gaj series (.^[ekran sy.stem), while the. u]iper 
great thickness of fluviatile strata (known as the Irrawaddy 
system) precisely corresponcLs, both in its lithological aspects 
as well as in its organic chariu-ters, to the .Manchars of .Sind 
and the Siwaliks of the sub-Himalayius. 


Irrawaddy 
system 
(20,0(K) ft.). 


Pegn system 
(Ji.oOOft.) 
fXnri aiuH.aj 
st.rie.s). 


'■ I’lateau gravels." Plieeeni'. 

Ue<i earthy Ijeds and enngloiiierate 
(Huvintiie). 

.''nnds and elay.s with ahundiince of Tortonian. 

' fossil wood and inaininnls. 

i Kamn clays: l’etrolifcrou.selay lieds 
with marine fossils. 

I’roine series : .Marine marly .sand- Oligoeene and 

I .stones and .shales, fossiliferotis. Is.wer 

Sit.saynti shales : rnfo,ssiliferouH soft Miocene. 

. shales. 


Nummolitic beds 
(I2tH)ft.) 
(Kirthar 
series). 


j .■shales and sandstones with nnin- 
j' nuditie limestones wit h .V. Vrtiliti- 
I hurtji ,aml .V. 


Middle and 
l;|.|iei- 


Sub'HummuUtio i 

beds (variable) Shales anti chiys v. it li A’. nUicini.i and 
(Laki seriesj. I A’, granulosa. 


NVgrais Pre-Tfrtiary, 


The Salt-Range. 

The Eocene nummulitic limestone is anextcnsively<leveloped 
formation in the Salt-Range, alone its whole length from the 
Jheltim to its furthest western extremity. In tin- eastern 
part of the range, it is accompanied by the tinderlying l,aki 
.series. The Middle Tertiarv is absent from tl.'is an-a. as a 
con.sci(uencc of which there is an ttnconforinable junction 
between the nummulitic limestone and the Upper .Siwalik. 
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The latter is comprehensively developed, and constitutes one 
of the types for the Siwalik system of India. 


Siwalikiystem [Upper; Boulder-conglomerate and 
(17,000 ft.). grits. 

• Middle: Sandstones and clays. 
Lower; Sandstones and red nodular 
\ clays. 


Unconformity.- 


Kirthar series 

(600 ft.) 

Laki series 
(50-100 ft.). 


{ Massive nuramulitic limestone form¬ 
ing the plateau top. White or 
pink in colour. 

I Clays with pyritous and bituminous 
I shales and coal-measures. 


Pliocene. 

Pontian. 

Tortonian. 


Middle and 
Upper 
Eocene. 
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CHAPTER XVHI 


THE EOCENE SYSTEM 

TheEocmm' systi'in includes two divisions : (he lower, known 
a.s the Laki series, is eoinj)Osed of a siialy .series, while the 
upper, recognised as the Kirthar series, includes the hulk of 
the nuinnuilitie limestone of the e.xtra lh'iiinsular ranges. The 
names, Kirthar and laiki, are derived from two hill-ranges 
in the western frontier of Sind, (hily in one province, Sind, 
beds lower than the Laki are found, overlying the Canlita 
hemmonli beds. These are known a.s the Ranikot seritw. 

Ranikot Series. 

This series is typically develojied at Hanikot, on the laiki Kanikot 
range, and also occupies a considerable tract in Sind. Unlike 
the other members of the Tertiary, the distribution of this .series 
is very limited, being confined to the Sind province. The 
series, which lies with perfect conformity on the (Jardila 
beaiwwnti beds, consists of soft sandstones, clays and car¬ 
bonaceous and lignitic shales, containing ])yrites in the lower 
part, succeeded by highly fossiliferous limestones aiul cal¬ 
careous shales. The lower beds, bi)lh in their mineral and 
composition as well as in the few dicotyledonous plants and 
fragmentary fossil bones that they contain, bear the im|)res.s 
of undoubted fluviatile origin. The overlying lime.stone with 
intercalated shales is about 700-801) feel in thii'kniess, and 
abounds in fossil echimitlea, by means of which the series is 
classified into zones. 

The leading fossils of the Ranikot series are: (Echinoids) Fomilsof 
Cidaris, Saknin, Cyphosoma, liktynplemm, Parahmpas, 
Hemiaster, SchizaMer ; (Corals) Trochosmilia, tSlylim, Mont- 
livaltia, Fedienia, Isastraea, Aslrnen, Thumnnslruen, Litliaraea', 
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Coal- 
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the Laki 
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Nummulitic 
aiTit s. 


(Gastropoda) Roslellaritit Nerita, Terebellum ; (Foraminifers) 
NummulUes (N. planulatus and N. granubsa). The species 
N, plarmhlm is characteristic of the Ranikot horizon. 

Laki Series. 

Although of no great vortical extent, this scries is of very 
wide geographical prev'alence in India, being discernible 
among the Lower Tertiary outcrops of most parts, whether of 
the Peninsula or the extra-Penuisula, It exhibits a persistent 
shalv facies at tin; base of the nummulitic limestone, with an 
important (levelopmcnt of coal-niea.sures in it in all the 
localities of its development except the type locality, Sind, 
which form the .source of all the extra-Gondwana coal produced 
in India. The |)rincipal localities which contain a well- 
developed Laki st'iies are the ea.sterii Salt-Range, Baluchistan 
(Quetta and Kho.st), .laniinu. Bikaner, Assim and Burma. The 
rocks show num'eroiis local variations at the.se places, but in 
general conform to the calcareous or arenaceous shaly facies 
enclosing thin seams of coal. The coal-seams are underlain by 
lire-clays at .some places. Tin' coal, as well as the carbonaceous 
shales, is often highly pyritous. The coal is. in general, inferior 
to Gondwana coal as a fuel, because of its high ])roportion of 
moisture and ash. The coal-measures of the Laki .series vield 
•lOO.tMtO tons of coal per year, I.e. about threi' per C(‘nt. of the 
total annual output of coal in India. The |)re.sence of pyrites 
in the coal reduces its vahie as a fuel, and renders it liable to 
spontaneous ignition by the oxidation of the pyrites. The 
))yritous shales on alteration have |)roduced beds of alum shales 
as at Duiidot and Kalabagli, and are a source of alum, which is 
manufactured at Kalabagh mid some other parts of t he countrv. 

The important fossil organisms contained in the Laki strata 
are: NiiiiiDiiifiliv nlmiriiti, Summaliles (Axsaliim) granulosa, 
Almilina. some species of Xiiiitihis, etc., with numerous leaf 
inpressions, fruits, seeds, etc., of plants belonging to the atigio- 
sjM'rinoiis division of the flowering plants. 

Kirthar Series. 

The Kirthar nummulitic limestone is one of the most 
conspicuous groujis of rocks in many parts of extra-Peninsular 
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India, viz. Sind and Baluchistan, the Salt-Range, Hazara and 
North-West Frontier Provinces, and to a liiuite<l extent in the 
outer parts of the Himalayas, the Assam hills ami Burma. In 
its type-area, Sind, it attains a great thickne.ss of massive 
homogeneous limestone, capping all the high ranges of the 
Sind-Baluchistan frontier. There is no doubt that the 
nummulitic limestone of India is an eastern continuation of 
the. same formation of Europe, a ilirect connection being 
traceable between these two regions through the nummulitic 
limestone formations of Baluchistan. Persia, .\sia Minor. 
North Africa, Tvtrkev and (!reec(> to tin- west of Eiiropi' up 
to the Pyrenees. It thus forms a cons|)ii'uous landmark in 
the stratigra])hical record of the wlioh' world. 


Bb4i Sywab’lt Sanefatone outlier 



Kio. 2'>. vctinii <»f iimtiiiiulttir iiinf-iMU-* (11) (in ihu 
(Wyiirif. .U.7/) •! S.l. \iv i 

The nummulitic lime.stone is a white or i;rey-])ink or buff 
coloured compatA cherty limestom' of very homogeneous 
texture, preserving the same as|ieet over large areas. In 
the Salt-Range it is one of the most important formations, 
and covers wide areas of these mountains. The litnestone has 
a well-defined series of joints, owing to which it has a ten- 
denev to weather in clifl's or escarpments having the aspect 
of “mural escarpments,’’ presenting from a distance the 
general appearance of ruined walls or tort iticat ions. S<tme 
of the. finest cliffs of the range are jiroduceil in this manner 
by the action of the weathering agents. The mass of the 
rock is nearly pure calcium carbonate, made up alnm.st 
wholly of foraminiferal shells, nawtly of .Va/awn/ito. which 
on weathered surfaces of the nak stand out a-s litth' orna¬ 
mented discs, flat or edgcwvise. In microsco|)ic sections of 
this rock the internal structure of tin* Xniiiiiniliit'n. tis well 
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as other fossils, is clearly revealed, where crystallisation has not 
destroyed the organic structures. There are a large number 
of other fossils present as well, but they are difficult to extract 
from the unweathered rock. Large chert or flint nodules 
are irregularly dispersed in the limestone. 

The fossils include many species of Nummuliles, of which 
N. laevigalm, N. jxrjwntus, N. gizehensis, N. (Assalim) Spira, 
N. cwiijtlanalus and N. Murchisonia are the most common. 
Other foraminifers are Alveolina, Orbiloides, Orbiloliies, etc. 
Gastropods are present in large numbers, of which Conus, 
Cyprum, Cerithium, Strombus and TurriteUa are very frequent. 
Portions of the corona and spines of cchinoids of large size, 
such as Cuhtris, Cyplmoma, Echinohmpds, Mkrasler, Hemi- 
nsler, Hrkizaster, Conoclypeus, are common. The lamelli- 
branclis are represented by the genera Cytheria, Aslarle, 
Carditn, Liicim, and Pholudomipi. 

The following are the principal localities where Eocene 
rocks, both of the Kirthar and Laki series, are found : 

Kohat. 

A short distance to the north of the .Salt-Range at Bahadur 
Khel, in the hills of the Kohat district, theie occurs an outcrop 
of Numimditic and later Tertiary rocks, which is remarkable 
for being underlain by an enormous mass of pure rock-salt 
about 1000 feet in thickness. At Bahadur Khel these strata 
are laid bare in a perfect anticlinal .section ; the beds of rock- 
salt, which are seen at the centre of the anticline are overlam 
by gypsum and clay-beds, which in turn are succeeded by 
reil clays and limestones, the Eocene age of which is clearly 
proved by the presence of Nlonmidilcs. AlveoUna and other 
fossils. In lateral extent the outcrop of rock-salt is traceable 
for several miles. The salt is chemically pure crystalline 
sodium chloride with some admixture of calcium sulphate, 
but with no associated salts of potassium or magnesium as 
in the Salt-Range deposits of the same mineral, from which 
also the Kohat salt differs in its prevailing dark grey colours 
and in being slightly bituminous. It appears quite probable 
that the two deposits, in spite of these slight differences, have 
had a common origin, and are of the same age, and that the 
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apparent infra-Cambrian position of the Salt-Range salt* 
deposits, as seen near Khewra, is due to overthrust or 
underthrust faulting, 

Hatara. 

Eocene rocks, principally composetl of nuinmulitic lime¬ 
stone, play a prominent part in the g<-ology of Hazara and, 
indeed, of the whole country around the N.W. frontier. At 
the base, the coal-bearing Laki series is identifiwl, though it 
does not possess any economic resources, the ipiantity as well 
as the quality of coal being very inferior. The nuinmulitic, 
limestone is a grey or dark-coloured massive rock of great 
thickness interbedded with nunimulitic shale beds; in all 
these respects it is sharply distinguishable from the,Salt-Range 
rock. The mimmnlitic limestone passes up into the great 
Murree series of fluviatile deposits after an intervening thick¬ 
ness of “ passage beds.” known as the Kuldana Issls. 

Outer Himalayas. 

The, Ewene of the Outer Himalayas is distinguislnsl as the Salmthu 
Subathu series, which is thus collateral with the Kirthar 
scries, together with its underlying Laki series. The Subathus 
are also composed of nunimulitic limestone, but the latter is 
quite subordinate and contains a greater projiortion of inter¬ 
bedded shales and sandstones than is the case with the 
typical Kirthar limestone. There is also a dilTerence in 
colour and te.xture. the Subathu limestone bi'ing grey to 
black in colour, very compact and thinly bedded. .\t the 
base there is a variable develoiniient ol the laiki series in 
sonic localities, but the group is very ineonstaut. and bears 
coal-seams only in one locality. 

The Subathu series is typically de\-elo|K'd near Simla, from 
a military station near which the group takes its name. The 
rocks arc red and grey, gypsiferous ami calcareous shales, 
with a subordinate formation of limestones in which Num- 
muliles, with other Eocene fossils, are found. The coal¬ 
bearing Laki horizon is missing from the type area, the lower 
beds being instead ferniginous sanilstonc and grits containing 
pisolitic haematite and limonite. 
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In the north-west or Kashmir Himalayas, the Subathus 
occur as a member of large and small inlicrs exposed in the 
crests of anticlinal folds of the outer ranges. In the Jammu 
hills, at Riasi, the largest of these inliers occurs. The Subathu 
rocks are exposed round a great inlicr of Jurassic limestone 
protniding out of Miocene (Murree) strata. Among these the 
Jjaki horizon Ls recognised by the presence of some thin 
seam.s of coal underlying the numnmlitic limestone. The 
pisolitic iron ore of Subathu wcurs at the base and has con¬ 
centrated into an ironstone, workable as an ore of iron. 

Assam. 

Eocene rocks are well (h^veloped in the Assam hills, the 
(Jam, Khasi and Jaintia ranges, wherein both the Kirthar 
and Laki stag('.s are contained. These rocks occur in a long 
narrow belt underneath a more nuvs.sive development of 
younger Tertiary strata. They overlie conformably the 
underlying Cretaceous. Tin; Lower Ti'rtiary d(“posits of Assam 
are full of eeonotnie resources, being t he carriers of several 
valuable coal-measures, with som<^ of which is associated a 
group of petroliferous strata, containing large stores of mineral 
oil. The mimmnlitic limestone, again, is an excellerit building 
and road-making material, also furnishing large quantities 
for burning. 

In the (Jam hills the Eocene beds lie conformably over the 
Cretaceous, aiid consist ])rinci])ally of shaly nummulitic 
lim<vst(nie, clays and argillaceous sandstones. The fossils 
are allied to the other Eocene strata already considered. 

In the Khasi hills the mimmnlitic lime.stone with inter- 
bediled sandstones is a ])romincnt formation, attaining a 
thickness of ne.arly lOOO feet. The town of Cherrajmnji 
stands njion these rocks, (hial occurs in thick seams among 
the sandstones and shales, with tire-clays and clav-ironstones. 
The most common fossils are: A’miiwod/Vc.s. Oj)erci(lina, 
OKtirii, IWten. Vardinm. Nolica. Ccrilliinm. Tiirnlrllu. 

Hut the strata which contain the most jiromising coal- 
measures of Assam are those which are developed in the 
north-east, in the hills north of the Hrahmaputra, in the Sib- 
sagar and Dibrngarh districts. The Makum field, which has 
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the largest output of coal, belongs to this group. Assvx-iated 
with the coal-bearing scries there also occurs an important 
oil-bearing horizon which supports the oil-tield of Digboi, 
the principal oil-centre of Assam. It is believed that these 
coal- and oil-bearing series of strata are of somewhat yonnger 
age than the Khasi si-ries. From the analogy of the chief 
petroleum-bearing horizon of Burma, whicli is Miocene, the 
Assam series is also believed to be of that age. 

Underlying the Tertiary coal-measures of N.E. Assam, and 
post-nummulitic in age, is a group of shales and sandstones, 
known as the Disany Serm, from the Disang river. A similar 
group of rocks is met with in the Mikir hills farther west. 

Burma. 

Lower Tertiary rocks of Burma, as elsewhere, enclose 
numnmlitie limestone .strata tmderlain by rocks characteristie. 
of the Laki facies. They are found to contain a few inter- 
bedded seams of coal west of the C'hinilwin river and also of the 
Irrawaddy west of Mandalay. 

The Tertiary rocks of this ])art areumtcrlain bya thick, rather 
obscure group of much altercdsandstones and shales,c.xtending 
from Cape Negrais northwards aloni: the Arakan Yoma. They 
have received the name of the Nrymis Si-rirs. Though their 
exact geological relations are not tjuite settled, they are 
believed to extend in age from the Triassic to the Cretaceous 
or Low’cr Eocene. 
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system. 


Nari seiios. 


THK OLKJOCENE AND LOWER MIOCENE SYSTEMS 

Formations corresponding in age to the Oligocene and Lower 
Miocene are developed in Sind and Baluchistan—exhibiting 
a two-fold facies of deposits—one arenaceous, an enormous 
thickness of shallow-water sandstone and arenaceous shales, 
with only a subordinate formation of limestone; the other 
calcareous, composed of limestones and calcareous shales. 
The former type, closely resembling the Flysch of Switzerland, 
prevails in Baluchistan, covering a wide tract on the Mekran 
coast. This formation, on this account, is designated the 
Mekran system. The latter facies prevails in Sind, w'bere the 
calcareous element is more prevalent with large assemblages 
of well-preserved fossils. Two divisions are distinguished in 
these, the lower part constituting the Nari scries and the 
upper the Gaj series. In Burma, Middh* T<‘rtiary rocks of 
analogous horizon, but of a dilTerent lithological composition, 
are known as the Pegu system, whereas in the Outer Himalayas 
they constitute the greater ])art of the Sirmur system (Eocene 
and Ijower Miocene), the lower members of which belonging to 
the Eocene have already been described under the title of 
the Subathu series. When these distant occurrences are 
more closely investigated and their different sub-divisions 
intercorrelated, by means of their contained faunas, this 
multiplicity of local names will disapjs'ar and a common 
name will designate all homotaxially e(iuivalent major groups, 
as well as their minor sub-divisions. 

Sind. 

Leaving the less mteresting, because unfo.ssiliferou3, flysch- 
deposits * of the Mekran system, we shall consider their 
equivalent formation in Sind. The lower part, forming the 

^ Known AM tin* Kojak MhaleM, cotiMiMling of green slialeM and •aiidstoiies 
with a few Oligt»cene foswls. 
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Nan series, conformably overlies the Eirthar limestone. 
The name is derived from the Nari river, along the banks of 
which a section of the series is seen. The lower part of the 
]9ari is comiwed of limestone and calcareous rocks, but they 
give place to finely-bedded sandstones and shales in the upper 
part. At the top the group consists of coarse dejmsits, ma.ssive 
sandstones and conglomerates. The shaly ))artinga among the 
sandstones contain plant impressions, and are thought to be 
of fluviatile deposition. Among the caleareo\is bands of 
the upjwr part of the Nari, the foraminifers attain their 
highest development, manifested as much bv the organisa¬ 
tion of the specific types as by the size attained by the indi¬ 
viduals of the species. Large shells or tests of Siiniiiiiilih’K 
of 2 to 3 inches in diameter are not uncommon. The most 
frequent specira are: N. iiilermediiia. .V. siiltlwriytitiiji. N. 
rasciis, accompanied by Lepidtirijiliini. ainl some oIIut 
foraminifers. Other fossils arc: MonlliraHia, Srliizimter, 
Breynia, EupaUujus, Clijjjciisler. l.iicina, lVw(/.<!, Ami, 
Corinth, Oslrea (sj). anguhila) ami Niiliin. Vohila, etc. 

The Nari strata are conformably overlain by the (iaj 
series; the latter consist of rich fossiliferous dark-brown 
coral limestone, with shales, distinguished from the underlying 
Nari by the absence of Nmnmiilile.i. The higher b(‘ds are 
red and olive shales which are sometimes gyijseous ; these 
in turn pass up into a series of clays and sandstones whose 
characters suggest deposition in an estttary or the broail 
mouth of a river. This shows a regression of the sea-lsrrder 
and its replacement by the wide basin of an estuary. Fossils 
are very numerous in the marine strata, representing every 
kind of life inhabitibg the sea. The commonly (M'curring 
forms are : Oslrea (sp. 0. miillicuslata and (). latimarginata), 
Tellina, Brissus, Breynia, Echinmliscus, Clyiieasler, Erhinohm- 
pas, Tenitiechinus, Eujmlagus, Lejiiiliieyclina and (hliiloides. 
The species Oslrea lalimarginata is highly characUTistic of the 
Gaj horizon, it being met with also in the parallel group of 
deposits forming the upper part of the I’egu system of Burma. 
It is evident from the estuarine passage-beds that the Upjrer 
Gaj was the time for the expiry of the marine jreriod in Sind 
and the beginning of a continental jteriod. On the continent 


(lAJ RCriOH 
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which emerged from the sea, a system of land deposits began 
to be formed, which culminated in an alluvial formation of 
great thickness and extent enclosing relics of the terrestrial 
life of the time. Rhinoceros is the only land-mammal whose 
remains have been hitherto obtained from the Upper Gaj beds. 

Hu((ti beds. In the Bugti hills of the Bugti country, in East Baluchistan, 
the fluviatile conditions had established themselves at an 
earlier date, the marine dejmsits in that country ceasing 
with the Nari epoch. The overlying strata, i.e. the lower 
part of the Gaj, are fluviatile sandstones containing a remark¬ 
able fauna of vertebrates, of Upper Oligocene or Lower Miocene 
affinities. The leading fossils are : (hlammah) Anthracotherium, 
Jirachyoihis, Tckocenis and Telmalodon, together with a few 
fresh-water mollinscs, among which arc a number of species 
of Unto. These beds arc known as the Bugti beds. 

Himalayas. 

Dsrahai The Sirmur system is the name given to the lx)wer and 
Middle Tertiary (Eocene to J.iower Miocene) rocks of the 
Outer Himalayas. We have already considered the portion 
comprising the Eocene in the last chapter; the remaining 
port ion of the group includes two series: the Dagshai and 
Kasauli series, which conformably overlie the Subathus in 
the order named. Both these series are typically developed 
in the Simla area. The Ijower Dagshai is composed primarily 
of two types of rocks. The lower part, bright red nodular 
clay ; the upper is a thickly stratified, fine-grained, hard 
sandstone which passes up, with a perfect transition, into 
the overlying Ka.sauli group of sandstones, which rocks are 
the chief coinjxnients of the Kasauli .^rics. No fossils are 
observed in the Dagshai group c.xcept fneoid mark.s and 
worm-tracks, fossils which ate of no use for determining 
either the age of the dejmsit or its mode of origin. The Kasauli 
group also has yielded no fossils except a few isolated plant 
remains. The only traces of life visible in this thick 
monotonous pile of grey or dull-green coloured, coarse, soft 
sandstones are referred to a pa,\m.Sabal major, some impressions 
of the leaves of which are seen on the laminae. This 
individual fossil is, however, of importance because of its 
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enabling the Kasauli horizon to be recognised in the north¬ 
west, beyond the Ravi, in the Jammu hills and farther 
west, where a parallel series of fluviatile de])osits extends 
in a broad outcro)) in continuation of the same strike. 

In the outer hills fringing the Jammu and Kashmir Himala- Murrw 
yas and the area to the west. i.e.. Ix-yond Hazara, the combined 
Dagshai and Kasauli horizons are re|)resented by a thick 
group of sandstones and shales to which the name .Murree 
series is given. The outcro]) of the Mtirree group is very broad 
in the Hazara district and in the .Mtirree hills, butr it considi'r- 
ably narrows further east. Near Chamba it merges into tlm 
typical Dagshai-Kasauli banil of the Simla area, ticonni'ction 
between the two being discernible in some plant-bearing Insls 
in the valley of the Ravi. 

The Murree serii's comes conforniikbly oviw the Subathu 
limestones ami shales, inliers of which tire seen to cro]) out at 
various jiltices, from amidst truncated anticlinal folds of 
the former. The strata are red and purple shales inlmbeddcd 
with grey tmd pur])le, sonnovlial coarse graineil. false-liedded 
sandstones. Thi' whole thickness is unfossiliferous in the 
main, but for a few impressions of the leaves of Sabiil iiuijor 
and some other obscure plants, N'umerous earl h-filleil di.scoidal 
cavities are present in the sandstones which give a misleading 
appearance of molluscan shell-iinprcssioits. A few ossiferous KiiMuiv 
beds are seen at the base of the series, ilistinguished tis the 
Knhiiiivt ftrds. the organic contents of which indicate a strati¬ 
graphic position akin to the Hugti beils of Ihduchi.stan. 

No Oligocene or liOwer iliocene strata were deposited in the, 
Salt-Range, where, in consef|uence. there occurs a gap repri‘- 
sented by an uncomformable junction between the Kirthar 
and the overlying Upper Tertiary Siwalik system of beds. 

Assam. 

The coal-measures of the As.sam hills, described in the last 
chapter, are conformably overlain by younger strata repre¬ 
sentative of the Nari and Gaj horizons of Sind. They are 
composed of sandstones principally, the lower beds of which 
have yielded many gastroyiod shells, including donwt, Dolium, 
and JktUaUium, with Leda, Nuc.uk, Tellina, etc. 


W.G.I. 
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Still younger Tertiary rocks than these are met with in Upper 
Md dSUd* north-east, and are described as the Tipam and 

series. * Billing series. The former is a thick sandstone-formation 
overlying the coal-measures of north-eastern districts of 
Assam. It is succeeded by a group of still newer conglomerates, 
the Diliing series. Both these groups arc, however, regarded 
from their jiosition as well as by their characters and relations 
to be the ecjuivalents of the Siwalik system of the Himalayas, 
or the Irrawaddy system (Fossil-wood group) of Upper Burma, 
which latter they resemble in enclosing large fragments of 
petrifictl wood. 

Burma. 

TU« Pegu Middle Tertiary rocks occupy a large area in Burma, which 
ha.s been surveyed in considerable detail of late y<*ars by 
the Geological Survey of India. The formations ace grouped 
together and distinguished as the Pegu system, which exactly 
corresponds in geological age with the Mekran system of the 
west. These rocks are found over a large tract in theirrawaddy 
basin, to the east of the Arakan range, and e.xtcnd a consider¬ 
able distance to the north. The Pegu system of Burma has 
received much attention from geologists and prospectors be¬ 
cause of its enclosing petroliferous sands and clays which yield 
all the petroleum of Burma. The system is divided into four 
sections, which aggregate in all about I’J.OOO feet. The whole 
group Ls marine: 

Irrawaddy System (Fossil-wood group). 


Pegu 

lystem. 


Kama chiis. . Fossiliferous blue clays and sandy beds 
I crowded with fossils; .4rc<( Is the most 
I common form. This is the main oil- 
l iH-aring formation of Burma. 

Upper J’rome j (irey compact, marly sandstones and 
series. I variously coloured massive argillaceous 

. sandstones, clays, or shales, containing 
Kower Promt I many AcAino(/fr»i«.'a,Forami»i/era,(i<isfro- 

series. ( poda. etc. 

I Unfossilifcrous soft blue shales, indistinctly 
Silaayaii sA(iies,| bedded and resting unconforroably on 
1 nuiumulitie limestone. 


Unconformity.' 


Nummulitic grouii. 
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The Prome series, the main fossil-bearing horuon of the FosmIi. 
Pegu system, has yielded a varied molluscan fauna of Ijower 
Miocene age. The leading genera of fossils are: (Laniclli- 
branchs) OMrea, Lima, MytUus, ModioUi, Pima. Area, 

Cyrem, Cylheria, Dione, T(jpc% Dosinh, Vciiiis, Telliwi, 

Solen, Pholas, etc.; (Gastrop(Kls) Twhas, Solarium. Tiirri- 
tella, Naiica, RimtUa, Trivia, Triton, Fusus, Vohila, Aneillaria, 

Comta, etc.; (Echinoids) Cularia and Clypcaaler ; (Coral) 
FlaMlum. 

The Kama clays, the u])permo8t of the divisions of the Tlie Kama 
Pegu system, form economically one of the most pnxluctivo 
horizons in the geology of Burma. It is the main oil-bearing 
formation of Burma which has yielded, since 1890, large 
quantities of petroleum and its associatinl products. The 
oil-springs and wells have in recent years produced some 
270.000,000 gallons of oil jicr year. The outcrop of the. Kama 
clays extends along the Irrawaddy bivsin, a considerable' 
distance northwards, and sui)[)orts the famous oil-lields of 
Yenangyaung, Singu, Yenangyat, Minbu, together with a 
number of smaller fields. Wh<‘rever the Kama clays outcrop 
in a denuded anticlinal arch, artificial borings are sunk for 
obtaining oil. 

[I’etrolcum is a liquid hydnicarlHin of complex chemical coiji- Potroleom. 
position, of varying colour and speeilic gravity (-OS-dOS). ('.rude 
pt'trolcum consists of a mixture of hydrocarbons- -solid,' liquid 
and gaseous—which are all very much alike- in their nature. 
Petroleum deposits are rarely free from gases -called Nalural gwi 
—while solid hydrocarbons arc also commonly present. 

The origin of petroleum is not quite satisfactorily settled. 

Various theories have been advanced, but only two of them find 
general acceptance. The first of these ascribes an igneom origin Origin of 
to the oil, and the other an organic mode of origin. The igneous petroleum. 
hy|>othcsis explains the origin of the hydrocarbons by the ‘P*®”* 
action of steam on the metallic (generally iron) carbides which 
are supposed to exist in large quantities in the interior of the earth. 

The hydrocarbons resulting from this action arc forced up by 
the expansion of the steam or heated water. Petroleum has Ix-en 
formed synthetically by this process in the laboratories of chemists. 

' The impure bituroinoue subeUnco sold in the bazaars as a drug of many 
virtues ISalajit) is a solid hydrocarbon found in some imrts of the Himalayaa. 

This substance, however, has nothing in common with {letroleum, being 
of entirely different origin. 
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But this view of its origin in nature is not in accord with geological 
facts, as petroleum is more often found associated with the younger 
sedimentary rocks—often of Tertiary age—than with the older, 
more deep-seated, crystalline rocks with which, if this suppo¬ 
sition he true, the hydrocarbons must occur more usually. In 
actual cases they are very rare in such deposits. 

The organic The organic theory regards the jrctroleum as derived from 

theory. animal and vegetabli^ tissues under certain circumstances. Many 
sedimentary strata contain crowds of organisms entombed in 
them at the time of their deposition, and these are transformed, in 
course of time, into natural hydrocarl)ons, by a process of slow 
destructive distillation, when it takes place at low temperature, 
and under water, e.xcluded from contact with the air. It is con- 
sidered|irobable that the vital action of haetcrinisa factor in these 
pr(jce,sses, es|)(K-ially in the elimination of the nitrogen of organic 
substances. Thi‘. e.vact .series of changes undergone is not known, 
but this view is more generally held than the former, and it 
ap|M’ars to be more in accord with idiservaal geological facts, as 
will be seen from what follows. 

Mode of Pet roleum is generally found in saml-beds and sandstones inter- 

occurtenco. calatcd between clays and shales. It is rarely found without gas, 
and salim? water is likewise often pre.sent, associated with the oil. 
It the containing strata are horizontal, the oil and gas are generally 
irregularly distributed, but in inclined and folded strata they are 
found collected in a sort of natural chamber or reservoir, in the 
highest possibh^ situations, r.jj. the crests of anticlines. In such 
posit ions the gas collects at t he summit of the anticlines, with the oil 
immediately below it. This follows of course from the lower density 
of the oil ascomirared with the water saturating the petroliferous 
beds. '■ In all cases there mu.st apiiarently he an imjiervious bed 
above to prevent an escape' of the oil and gas, and in this there 
is a certain similarity to the conditions reipiisite for artesian wells, 
but with theditTerence that the artesian wells reea'ive their supplies 
from above and must Is' closed ladow, while the oil and gas wells 
receive t heir supplies from below and must be closi'd above. Both 
require a porous bed as a reservoir, which in the one case, ideally, 
but not always actually, forma a basin concave above, in the 
other concave below'." ' In dry rocks, however, the oil can occur 
in all situations and does occur, e.g. in the bottoms of synclincs. 

Petroleum usually occurs saturating porous sand-beds, sand¬ 
stones and conglomerates, less frequently limestones; it also 
ix'curs fdling up cavities and fissures in rocks like shales. These 
strata must be capped by impervious beds in order that the oil 
be not dissipated by percolation in the surrounding rocks. The 
petroleum, as well as the gas, usually occurs under considerable 
pressure and escapes with great force, rising some hundred feet above 
the ground, when a boring is driven through the overlying rocks. 

> (Chamberlin end Salisbury, Grdogy, vol. ii. 1809. 
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The oil and gas are often not indigenous to the roeks eontiiin- 
ing them, but have eome from homi“ neighbouring souree by a 
])roce88 of capillary action and percolation, underground wati-r 
lielping in the migration.] 

The Kama clays are overlain, at some places conformably, 
at others unconformably, by the Irrawmidy system of 
fluviatile dejmsits, which. In- reason of an e.'ilreine abuiulanee 
of pieces of drifCiwoml entombed in them, had formerly 
received the itame of the “fossil-wood group.'' It is now 
better known as the Irrawaddy system. In .stratigraphical 
]M)sition,s, as well iis in all its geological relations, it is 
the equal ot the great Siwalik system of the Outer Hima¬ 
layas which is treated in the ne.xt chapter. The lower |)arl 
of the Irrawaddy system in Western I’ronn- includes some 
marine btals. 

The .Middle Tertiary was the pericsl for another series of ignwjus 
igneous outbursts at till parts of extra-l’eninsular India.. 

The igneous action was. this time, wholly of the intru.sive amt Lower 
or plutonic jihasc. The early Kocem- rocks were ])iercc(l Jjy 
large intrusive masses of granite, .syenite, diorite. gabbro, etc. 

In the llimalaviis, in Baliichi.stan and in liurrna thi^ records 
of this hy])Ogeni“ action are numerous and of a varied nature. 
Intnisions of granite took place along the central core of tin' 
Himalayas. In Baliichi.stan the plutonic action took the 
form of hitlii/Ulh.'i of granite, augite-.sycnite, diorite, [lorphy- 
rites, etc., while in Upper Burma and in the Arakan \oma it. 
e.xhibited itself in peridotitic intrusions piercing through 
.Miocene strata. Those geologists who ascribe an igneims 
mode of origin to pidroleurn, refer the |H'troleum deposits 
of the Pegu systsmi to the same series of ))lutoiiic. action as 
one of its varied forms of manifestation. The salt deposits 
of the Salt-Range and Kohat, likewi.se, are regarded as another 
phase of this very action by these geologists. 

In all the above Tertiary provinces of India that we have 
reviewed so far, from Sind to Burma, the transition from 
an earlier marine type of deiwisits to e.stuarinc and fluviatile 
deposits of later ages must have been perceived. The passage 
from the one type of formation to the other was not simul¬ 
taneous in all parts of the country.and marine conditions might 
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have pcrsibted in one part long after a fluviatile phase had 
established itself in another ; but towards the middle of the 
Miocene period the change appears to have been complete and 
universal,and there was a final retreatof the sea from the whole 
of north India. This change from the massive marine nummu- 
litic limestone of the Eocene age, containing abundance of 
foraminifera, corals and cchinoids, to the river-deposits of the 
next succeeding age, crowded with fossil-wood and the bones 
of elephants and horses, deer and hippopotami, is one, of the 
most striking physical revolutions in India. AVe must now 
turn to the great system of Upper Tertiary river-deposits 
which everywhere overlies the .Middle Tertiary, enclosing in 
its rock-beds untold relics of the higher vertebrate and mam¬ 
malian life of the time, comprising all the types of the most 
specialised mammals e.xcept Man. 


KKKEREXt'KS 

W. T. Ulsnford ; “Geology of W. .Sind,” Jleni. G.S.I. vol. xvii. pt. 1, 
I87!». 

(1. E. Pilgriin ; " Tertiiiry Eresli-water J)ep<jaits of India,” Itcc. G.S.I. 
vol. xl. pt. li, 11)10. ‘ 

W. Theobald : “ Geology of IVgu," .Mem. G.S.I. vol. x. pt. 2, 1874. 

E. II. I’ascoe: “ Oil-lield.t of linrina," .Mem. G.S.I. vol. xl. pt. 1,1912. 
Murray Stuart: Ree. G.S.I. vol. xxxviii. pt. 4, 1910. 

P. M. Duncan and W. P. Sladen : “ Tertiary Fauna of W. India,” Pal. 
Ind. Sera. VII. XI\'. vol. 1, pt. 3. 

G E. Pilgrim : “ Vertebrate Fauna of the Bugti Beds," Pal. Ind. New 
.8er9. vol. iv.; Mem. G.S.I. pt. 2, 1912. 



CHAPTKI? XX 


THE SIWALIK SYSTEM 

MIDDLE MIOCENE TO PLIOCENE 

Upper Tertiary rocks occur on an cnormoas scale in the extra- Ooni'ral. 
Peninsula, forming the low, outermost hills of tlu‘ Himalaya.s 
along its wliolc hmgth from the Indus to the Brahmaputra. 

They are known a.s the Biwalik system, hecau.se of their 
constituting the Siwalik hills m‘ar Hardwar, where they 
were first known to Beiene(', ami from which were ohtaimsl 
the first jialaeontologieal treasures that have made the system 
so famous in all parts of the world. The same system of 
rocks, with much the same mineralogical constituents and 
palaeontological characters, is dcvelo|«‘d in Sind and Burma, 
forming the bulk of their hill-ranges. At the last-nameii 
localities the system is designated hy different names, c.r/. 
the Manchar system in Sind and the Irrawaddy system in 
Burma, though there is hut little doubt as regards the exact 
parallelism of all these groups. 

The. comjmsition of the Siwalik dejiosits shows that they The Siwalik 
arc nothing else than the alluvial detritus derivwl from the 
subaerial waste of the mountains, swept down by their 
numerous rivers and streams and deposited at their foot. 

This process was very much like what the existing rivt^r- 
systems of the Himalayas ate doing at the present day on 
their emerging to the plains of the Punjab and Bengal. 

The only difference is that the former, Siwalik alluvia 
have been involved in the Himalayan system of upheavals, 
by whieh they have been folded and elevated into their 
outermost foothills. This circumstance has imparted to 
them high dips and some degree of induration, both of 
231 



232 GEOLOGY OF INDIA 

which are absent from later alluvial deposits of the plains 
of India. 

In the severe compression and stresses to which they have 
been subjected in the mountain-building processes, some of 
the folds have been inverted or reversed, with the overturning 
of the fold-planes to highly inclined jx)sition8. As is often 
the case with reversed folds, the middle limb of the fold 
(which has to suffer the severest extension), having reached 
the limit of its strength, pa.ssed into a highly inclined fracture 
or (hrvst-phnie, along wliieh the ilisrupted part of the fold 


6 



I’lo. 'iT. Ifiiijinmit- lo illiisiriit*’ tlti* fnrmAtinu nf rcviTsctl fjuilt.x iu iljv sluiilik 
zoiu' ill' tlio (>ut<-r 

has sli))ped bodily over for long distances, thus thrusting 
the older lU'e-Siwalik rocks of the inner ranges of the mountains 
over the younger rocks of the outer ranges. 

The This is a most signal, as it is the most characteristic, feature 

of the Siwaliks of the Himalayas throughout their extent, 
of the Wherever the Siwalik rwks are found in contact with the 
Swsliks. I'orniations, the plane of junction is always a reversed- 

fault, with an apparent throw of many thoinsand feet, and 
along which the normal order of suirerposition of the rock- 
grou])s is reversed, the younger Siwalik Ireds resting imder 
the older Sirmur and dipping under them. This plane of 
contact is known as the Mnin Bouiidanj Fiwll. This fault 
is a most constant feature of the stnieture of the Outer 
Himalayas along their whole length from the Punjab to 
Assam. 
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The “Main Bomidarv" is again not tlu> only fault, but Th« “ M«iii 
is one of a serie,s of more or less ])arallel faults among the ' 

Tertiary zone of the Outer Himalayas, all of which exhibit 
the same tectonic as well as stratigraphic iHH’uliaritios, i.c. 
the fault has taken place along the middle-limb of the folds 
and the lower and older rooks are thrust above the u])per and 
younger, viz. the Siwalik under the Sirnmr, and the latter 
underneath the still older strata of the Middle Himalayas. 

The rt'searches of .Middleniiss and Medlicott in Himalayan The real 
geology have given (juite a new meaning to these remarkable 
series of fractures. They have shown that the " Main Ihmiidarv" 
Hoimdary “ Ls not of the nature of a mere ordinary dislocation 
which limits the boundary of the present distribution of the 
Siwaliks, but it marks the onijimil Ihiiil of (Icjiosilioii of these 
strata against the cliff or foot of the then existing mountains, 
beyond which they did not exti'ud, could never, in faet. 
extend. Subse<|uent to their deposition this boun<lary has 
been doubtless further emphasi.sed by some amount of faulting. 

The, other faults are also of the same nature, and indic ate tin- 
succc'ssive limits of the depo.sition of newer formations to 
the south of. .and again.st, the' iulvancing foot of the llimalavas 
dtuing the various sttiges of their elevation. This view of 
the nature of the main boundtiry will be made" clearer by 
imagining that if the rocks of the Iiido-tiangetie alluvium, 
at pre.sent lying against the fsiwalik foot-hills, were to be 
involved and elevatecl in a further, future jehase of Himalayan 
upheaval, thc>y would exhibit mneh the .same relations to the 
cSiwalik strata as the latter do to the older Tertiary or tlnw 
in turn do to the still older systems of the Mhldle Himalayas. 

These reversed faults were- tints not conteinporanecuts but 
successional.” each having been produced at the end of the 
jx?riod during which bods immediately to the south of it were 
dejKtsited. 

An important observation, among others, which has led 
these dLstinguished workers to the above interjrretation of 
the nature of the “ Main IVmndary ' fault is that nowhere 
do the j’ounger Siwaliks overstep the fault, or expend in out¬ 
lying patches beyond it. except very locally, as would have 
been the case if the dislocation had originated long subseejuent 
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system. 


to tlicir formation. In the latter case outliers of the Siwalik 
ought to be .seen resting on the Sirmur group beyond the 
northern limit of the main boundary. Such is nowhere the 
case in any marked degree. 

But the most notable character of the Siwalik system of 
deposits, and that which has invested it with the highest 
biological interest, is the rich collection of petrified remains of 
animals of the vertebrate sub-kingdom which it encloses, 
animals not far distant in age from our own times which, 
therefore, according to the now universally accepted doctrine of 
descent, are the immediate ancestors of most of our modem 
species of land mammalia. These ancient animals lived and died 
in the jungles which clothed the outer .slopes of the mountains. 


N. 



Kni. ■!><. (i> lUiwtnUf Hu* n-liUloiw of Hie Outer Hiinalayiw to the 

oilier roi krt of Hie Mlil-lllmalayuM (Kitniaon IlimahiyuM). 

L.S. I-ower Sltt'ulik HJMiilstoiMM. IJ ^i. Siwalik conirlomerate, 

.U.iV. Miilille Siwalik 1‘iiiiil-roek. .V. older 
(.Uteri'. S.MIddleiiii-^.) 

The more durable of their remains, the hard parts of their 
.skeletons, teeth, jaws, skulls, etc., were preserved from 
decay by being swept down in the stn'ams descending from 
the mountains, and entomb(.d ii\ ra])idly accumulating 
sediments. The fauna thtis preserved diseloses the great 
wealth of the Himalayan zoological })rovinces of those days, 
compared to which the present world looks quite impoverished. 
Many of tlu‘ genera dLsclose a wealth of species, now re¬ 
presented by scarcely a third of that number, the rest having 
become e.xtinct. No other mammalian race has suffered 
such wholesale obliteration as the Proboscideans. Of the 
fifteen species of elephants and elephant-like creatures that 
peopled the Siwalik pro\ince of India, two were indigenous 
to it; only one is found living to-day. The first discovered 
remains were obtained from the Siwalik hills near Hardwai, and 
the great interest which they aroused is evident from the 
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following popular description by Dr. 
Mantell: “ Wherever gullies or fissures 
expose the section of the beils. abundance 
of fossil.bones appear, lignite and trunks 
of dicotyledonous trees occur, a few land 
and fresh-water shells of existing sjK'cies 
are the only vestiges of niollusca that 
have been observed. Reniains of several 
sjwcies of river-fish have been obtained. 
The remains of elephants and of nui,sto- 
dontoid animals comprise [awfect speci¬ 
mens of skulls and jaws of gigantic size. 
The tusks of one example are 0 feet 
6 inches in length and 27 inches in cir¬ 
cumference at the base.* This collection 
is invested with the highest interest not 
only on account of the number and 
variety of tln^ specimens, Init also from 
the extraordinary assemblage of the 
animals which it presents. In the suh- 
Himalayas we have entombed in tin; 
same rocky sepulchre bones of the most 
ancient extinct species of maimnalia 
with speies and genera which still 
inhabit India: Ekvrogak, Uijiirndihm, 
Dinolheri‘ 1 , mastodons, elephants, giraffis, 
hippopotami, rhinocero.ses, horses, camels, 
antelopes, monkeys, struthioms birds 
and crocodilian and chelonian reptiles, 
Among these mammalian relics of the 
past arc the skulls and boties (jf an 
animal named Siralherimn that recpiires 
a passing notice. This creature forms, 

‘This has been much exew'clist in some lutei 
find*, r.g. a specimen discovered bv the writer lu 
the upper Siwalik lieda near Jammu, in which the 
left upjKr incisor of SUgoion gannm was found 
intact with the maxillary apparatus and the 
upper molars. The tusk measured from tip to 
socket 10 ft. 7 in., the cireumferenec at the proxi¬ 
mal end being a little over 25 inches. 
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as it were, a link between the raminants and the large 
pachyderms. It was larger than a rhinoceros, had four horns, 
and was funiished with a proboscis, thus combining the horns 
of a ruminant with the characters of a pachyderm. Among 
the reptilian remains arc skulls and bones of a gigantic 
crocodile and of a land turtle which cannot be distinguished 
from those of sjx;cics now living in India. But the most 
extraordinary discovery is that of bones and portions of the 
carapace of a tortoist^ of gigantic dimensions, having a length 
nearly 20 feet. It has aptly been named the Cohssochelys 
AiIm." 

After the. first few glimpses of the mammalian fauna 
of till! Tertiary era in th(! Bugti beds and that in the 
Perim island, this sudden bur.sting on the stage of such a 
varied popidatioo of herbivores, carnivores, rodents and of 
primates, the highest order of the mammals, must be regarded 
as a most remarkable instance of rapid evolution of species. 

Rapid Many factors must have lielped in the development and 

siwalikfauna differentiation of this fauna; among those favourable, con¬ 
ditions, the abundance of food-supply by a rich angiospermous 
vegetation, which nourished in uncommon profusion, and 
the ])rcsencc of suitable physical environments, under a genial 
climate, in a land watered by many rivers and lakes, must 
have, been the most prominent. 

Among the lower Siwalik mammals there are forms, like 
the Simllwniim, which offer illustrations of what are called 
sijvthelic Ijifyes (generalised or less differentiated types), i.e. 
the early primitive animals that combined in them the 
charactius of several distinct genera which s|)rang out of 
them in the process of further evolution. They were thus 
the common ancestral fornrs of a luimber of these later 
species which in the progress of time diverged more aitd 
more from the parent type. 

Lithology. The Siwalik systeirr is a great thickness of dctrital rocks, 
such as coarsely-bedded sandstones, sand-rock, clays and con¬ 
glomerates measuring between 15,000 and 17,000 feet in 
thickness. The bulk of the formation, as already stated, is 
very nearly alike to the materials constituting the modem 
alluvia of rivers, except that the former are somewhat 
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compacted, Lave luidergone fuldbig and faulting nioveinents. 
and are now resting at liigher levels, with high angles of 
dip. Although local breaks exist here and there, the whole 
thickne.ss is one connected and c(mi|)lete se(iuenee of 
deposits,• from the beginning of the Jliddle .Miocene to the 
close of the Siwalik epoch- -Pliocene. The lower part, ns a 
rule, consists of fine-grained inieiiceons sandstones, more 
or less consolidated, with interbedded shales of n'd and 
purple colours: silicified mono-, and dicotvledouous wood 
and often whole tree-trunks are most abundant throughout 
the Siwalik sandstones, and le.af-iinpres,sions in the shales. 
The u])per part is more argillaceous, formed of soft, thick- 
bedded clays, cap]K'd at ])laccs, es])ecially thos(‘ at the 
debotiehurcs of the chief rivers, by an e.xtreim'ly <'oarse 
boulder-conglomerate, consisting of large ronnileil bouhh’is 
of siliceous rocks. 

The lithology of the Siwaliks suggest their origin. Tim 
upper coarse conglomerates are the alluvial fans or tahis- 
cones at the cmergetice of the mountain .streams; the great 
thickness of clays rejuesents the silts and liner sediments of the 
rivers: while it is probable that the lower sandstones were 
formed in the lagoons or c,stuaries of the isolated sea-basins 
that were left by the retreating sea as it w.is driven back by 
the j)ost-.Sirniur upheavals. The.se lagoons and estuaries 
gradually freshened and gave rise to Iluviatile and then to 
subacrial comlitions of dejiosition. 

The composition as well as the characters of the Siwalik 
strata everywhere bears evidence of their very rajiid deposition 
by the rejuvenated Himalayan rivers, which entered on a 
renewed phase of activity consequent on the u])lift of the. 
mountains. There is very little of lamination to be, sr'en in 
the finer deposits ; the stratification of the coarser sediments 
is also very rude ; while current-ljcdding is universally present . 
There is again little or no sorting of grains in the sandstones, 
which arc composed of unassorted saialy detritus derived 
from the Himalayan gneiss, in which many of its coinstituent 
minerals can be recognised, e.g. quartz, felspar, micas, horn¬ 
blende-, tourmaline-grains, etc. 

On palaeontological grounds the system is divisible into 
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CUnlfioa- 

tion. 


three sections, the passage of the one into the other division 
being, however, quite gradual and transitional: 


Upper Sinalik. 


Middle SiwsUk. 


Lower Siwalik. 


/Thick boulder-fcongloiiieratc and grits. 
Kichly ossiferous. Thick soft, 
earthy clays except in the neigh¬ 
bourhood of valleys emerging from 
the Middle Himalayas. 

The fauna contains few extinct s|)ecie3 
and an abundance of living ones. 

Uncom))actcd coarse sand-rock and 
micaceous sandstone. 

Clays and shales distinguished from 
the Isjwcr Siwalik by tlic absence of 
bright red colour. 

The fauna is distinct from the Lower 
Siwalik. The richest fauna is ob¬ 
tained from the .Middle Siwalik of 
East Salt-Range. 

Fine grained indurated sandstone. 
Brightly coloured shales usually red. 
resembling the Kasauli beds of the 
tyiKvari’a. Red nodular clays in 
the Salt-Range. 

This group (also known as A’a/iaa 
gro\ip of the type-area) is unfossili- 
ferous i but in the Salt-Range this 
horizon has yielded an abundant i 

^ fauna. | 


Pliocene. 


Pontian. 

Upper 

Miocene. 


Tortonian. 

Middle 

Miocene. 


Siwalik Fauna. 

The Siwalik dcpoait.s enclose a remarkably varied and 
abundant vertebrate fauna in which the class Mammalia 
preponderate. The first collections were obtained from the 
neighbourhood of Siwalik hills in the early thirties of the last 
century, in which subsequent additions were made by dis¬ 
coveries in the other Himalayan foot-hills. It has been recently 
considerably enriched by discoveries in the Salt-Range, especi¬ 
ally in its eastern extremity, by Dr. Pilgrim, the palaeontologist 
of the Geological Survey of India. He has brought to light a 
number of rich mammaliferous horizons among these deposits, 
which are of high zoological and palaeontological interest. 
These have established the perfect uniformity and homogeneity 
of the fauna over the whole Siwalik province, and have enabled 
a revised correlation of the s)’8tem. The following is a list 
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of the more important genera and species of Mammalia 
classified according to Dr. Pilgrim. 

Upper Siwalik: 

Primates: Simia. SemnopilliicKs, Papin. 

Carnivores: Hi/afnardiis Sitralen.^i.^. Mrllcnra. Manlvlla, 
Canis, J'((l/k'.i, Uyaeaa, riVcmi. Machaernila.i. Fehs 
cristatn. 

Elephants (in all 1.*) .species) : Ma.ilmhm Siwah’iikin, 
Slegodoii gauesa. <S. Vlifti, S. in.sigtiit. Eliplias 
phnijriam. 

Ungulates: Rhinoceros jtalaeiniliras, Fipins Siiralensis, 
Sus Falconeri, Ilijijsijmtanias, ('anielas <inti<pias, 
(iiraffu, Inilrallicriiiin. Sicatheriain giganteiim, i'crcas, 
Bahtins jsilaciniliens. Bacapra. .Inoti, Bajfalas, 
Bi.son, Bos. 

Middle Siwalik: 

Primates: Anlhropithicas. Scmiiopllhieas. Ccrropilhiras. 
Macacas. 

Carnivores: Ilgaenarctes, Mclliconslon, Ltttra, Aniphi- 
etjon, Maehaerothts. Felis. 

Rodents: Hysirix. 

Elephants: Mastodon hitidcns, Sicgtslon clifii. Mas¬ 
todon hnsnoti. 

Ungulates : Teleoceras, Hipparion panjabien.sis, Meryrojio- 
tamas, Tetraconodon, Hipjsihyus, Sas puujalncnsis, 
Hippopotamus irravatieus, Tragalas, Hydaspithcrium, 
Aceratheriam, Vishnatheriam, Cernis stinplicidcns, 
Gazelln, Tragoceras, A non. 

Lower Siwalik; 

Primates : Sivapithicus indicas, Dryopilhieus, Palaeosintvt. 

Carnivores: Dmopsalis, Amphkyon, Palhyaemi. 

Proboscidians : Dinotherium, Tetrnbelodon, Mastodon. 

Ungulates: Aceratheriam, Hipparion, Hyotherium, Chah- 
c/}therium,Antkraenlherium, Dorcatheriam,Heniiineryx, 
Bramatherium, Giraffa, Tragoceras. 
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Besides these the lower vertebrate fossils are : 

Birds: PhaUtcrocorax, Peler/mus, Sirulhio, Mergus. 

Reptiles: (Crocodiles) Crocodihia, Ghurmlis, Rhampho- 
nKchis ; (Lizard) Vardnii.f ; (Turtles) CobssocMijs 
III If IX, IklUit, Trionijx, Chitm. 

Fish: Ophiovephulm, Chri/xklillii/x, Rita, Arms, etc. 

A most interestiiij; and rejnesentative collection of the 
ISiwulik fossils of India is arranged in a special gallery, the 
Siwalik gallery, in the Indian Museum, Calcutta. 

From the evidence of the stage of evolution of the various 
types composing this fauna, and from their allinity to certain 
well-established mammaliferous horizons of Europe, which 
have furnislusl indubitable evidence of their age because of 
their interstratifical ion with marine fossiliferoits beds, the 
age of the Siwalik system is (htermined to e.xtend from the 
■Miildle Miocene to the top of the Plioecme. The Mid-Siwaliks 
are believed to bii homotaxial with the well-known Pikermi 
series of ll recce. 

A parallel series of deposits is developed in other parts 
of the extra-Peninsula, as already alluded to, and is known 
as the Miindiiir si/.ilan in Sind and the IrmwiiMii sgstem 
in Burma. They are also Iluviatile or sul)aerially deposited 
sandstones, sand-rock, clays ami conglomerates containing 
abundance of fossil-wood and mammalian remains agreeing 
closely with the Siwaliks. Indeed the name Siwalik system 
(•ail be extended to include all these deposits. 

In Burma the Irrawtwldy system was formerly knowni as 
the Foxsil-mml-groiip, from the extraordinary profusion 
of ^H'trified wood entombed in the coarser deposits. It is 
common to see in these deposits lumdreds and thousands 
of whole trunks of silicified dicotyledon trees and huge logs 
of wood lying in the state of disorder in which they were 
dropped by the swollen rivers during great floods. Sometimes 
the petrification is so minute that the internal structure of 
the woody tissue is perfectly preserved. 
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The 

PletatoociiB 
or Glacial 
Age of 
Europe and 
America. 


A modihed 
Glacial Ago 
in India. 


THE PLEI.STOCEXE .SYSTEM 

THE QEAOIAL AOE IN INDIA 

The closn of tlic Tertiary era and tlie ooinmencemcnt of the 
Quaternary is marked in Europe aud North America by a 
great refrigeration of climate;, eulmiuatuig in what is knovni 
as the (llacial Age. The glacial conditions prevailed so far 
south as 39° latitude north,aud countrieswliich now experience 
a temperate climate then experienced the arctic cold of the 
polar regions, and were covered under iee-sh(;ets radiating from 
the higher grouixls. The evidence for this great change in the 
climatic conditions of the globe Is of the most convuiciug 
nature, and is preserved both in the ph/sival records of the age, 
c.//. in the characteristic glaciated topography; the “ glacial 
drift ” or morainc-dejmsits left by the glaciers; and the effects 
upon tin' drainage system of the coiuitries, as well as 
in the, onjanic records, e.g. the influence of such a great 
lowering of the temperature on the plants and animals then 
living; on the migration or extinction of species and on their 
present distribution. 

Whether India, that is, parts lying to the south of the 
Himalayas, pass<«d through a (llacial .Age, is an interesting 
though an unsettled problem. In India, it must be understood, 
we cannot look for the actual existence of ice-sheets during 
the Pleistocene glacial epoch, because a refrigeration which 
can produce glacial conditions in Northern Europe and 
America would not, the present zonal distribution of the 
climate being assttmed, be enough to depress the temperature 
of India beyond that of the present temperate zones. Hence 
we should not look for its evidence in moraine-debris and rock- 
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Btriations (except in the Himalayas), but in tlie indirect 
organic evidence of the influence of such a lowering of the 
temperature, and the consequent increase of huiniditv. on 
the plants and animals then living in India. Humidity or 
dampness of climate has been found to possess as much 
influence on the distribution of species in India as temiH'rature. 

From this poii\t of view sufficient evidence e.vists of the glacial 
cold of the northern regions being felt in the jilains of India, 
though to a much less extent, in tinu-s succeeding the Siwalik 
eiMKh after the Himalayan range had attained its full elevation. 

This evidence, derived from some peculiarit i(‘.s in the The nature 
fatma and flora of the hills and mountains of India and ttwlon, 
is thus summarised by W. T. Iflanford one of tlie greatest »« l<* Agn 
workers in the field of Indian geology. IVnmaula. 

“ On several isolated hill ranges, such as the Nilgiri, Dr. Ulan- 
Animale, Shivarai and other isolated plateaus in iSouthern *‘"''*’* 
India, and on the mountains of tteylon, there is found a 
temperate fauna and flora which does not exist in the low 
plains of Southern India, but which is closely allied to the 
temperate fauna and flora of the Himalayas, tins Assam 
Kange, the mountains of the .Malay Peninsula and .lava. Evei. 
on isolated ])eaks such as Parasnath. lIDlt feet high, in 
Hehar, and on Mount .Abu in the Aravalli flange, Rajptitana, 
several Himalayan ])lants exist. It wouhl talo! up t,oo much 
space to enter into details. The occurrence of a Hiinalayan 
plant like Rhwhxlendron arboreiuii and of a Ifimalayan 
mammal like Maries jkvigulu on both the Nilgiris and Ceylon 
moimtains will serve as an exam])le of a considerable number 
of less easily recognised si^cies. In some cases there is a 
closer resemblance between the temperate forms found on 
the Peninsular hills and those on tlie Assam Range than 
between the former and Himalayan species, but there are 
also connections between the Himalayan and the Peninsular 
regions which do not extend to the eastern hills. The mo.st 
remarkable of these b the occurrcncA on the Nilgiri and 
Animale ranges, and on some hills furt.hcr south, of a sjH-cies 
of wild goat, Capra hylocrius, belonging to a'sub-gcnus (llemi- 
tragus) of which the only known species, Capra Jeemkica, 
inhabits the temperate regions of the Himalayas from Kashmir 
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to Bhutan. This case is remarkable because the only other 
wild goat found completely outside the palaearctic region 
is another isolated form on the mountains of Abyssinia. 

“ Tlie range in elevation of the temperate flora and faiuia 
of the Oriental regions in general appears to depend more 
on humidity than temperature, many of the forms which in 
tilt! Indian hills arc peculiar to the higher ranges being found 
reprcsentetl by the, allied species at lower elevations in the 
darn)) Malay Peninsula and Archipelago, and some of the 
hill forms being even found in the damp forests of the Malabar 
coast. The animals inhabiting the Peninsula and Ceylonese 
hills belong for the most part to species distinct from those 
found in the Himalaya and Assam Ranges, etc., in some 
cases even genera are ])t>culiar to the hills of Ceylon and 
Southern India, and one family of snakes is unrepresented 
elsewhere. There are, however, numerous plants and a few 
animals inhabiting the hills of .Southern India and Ceylon 
which are identical with Himalayan and Assamese hill forms, 
but which are unknown throughout the jilains of India. 

" That a great {lortion of the temperate fauna and flora of 
the Southern Indian hills has inhabited the country from 
a much more distant epoch than the glacial period may bo 
considered as almost certain, there being so many peculiar 
forms. It is possible that the species common to Ceylon, 
the Nilgiris and the Animale may have migrated at a time 
when the country was damjH'r without the tempiirature 
being lower, but it is diflicult to understand how the plains 
of India can have enjoyed a damper climate without either 
depression, which must have caused a large portion of the 
country to be covered by sea, a diminished temperature, 
which would check evaporation, or a change in the prevailing 
winds. The depression may have taken jilacc, but the migra¬ 
tion of the animals and plants from the Himalayas to Ceylon 
would have been prevented, not aided, by the southern area 
being isolated by the' sea, so that it might be safely inferred 
that the period of migration and the period of depression 
were not contemporaneous. A change in the prevailing winds 
is unprobable so long as the present distribution of land and 
water exists, and the only remaining theory to account for 
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the existence of the same species of animals and plants on 
the Himalayas and the hills of southern India is depression 
of temperature.” 

When, however, we come to the Himalayas,' we stand on loe Ago 
surer ground, for the records of the glacial age there 
unmistakeablo in their legibility. At many parts of the 
Himalayas there are indications of an extensive ghvciation 
in the immediate pa.st, and that the present glaciers, though 
some of tliem are among the lai'ge.st in the world, are merely 
the shrunken remnants of those which tlourLsIied in the 
Pleistocene age. Enormous heaps of terminal moraines, 
now grass-covered, and in some cases tree-covered, ice- 
transported blocks, and the smoothed and striated. Immmwky 
surfaces and other indications of the m tion <if i<e on land 
surface are observed at all parts of the Himalayas that have 
been explored from Sikkim to Kashmir at elevations si'veral 
thousand feet below the present hevtd of descent of the, 
glaciers. On the Haramukh mountain in Kashmir a mass 
of moraine, is described at an ehevation of .o.oOO feet. (In 
the southern slopes of the Uliaiiladhar range an old moraine (or 
what is believed to be such) is fouinl at such an extraordinarily 
low altitudee as 4700 fort, whihe in some, jiarts of Kangra, 
glaciers were at one time believed,thoueli not on good evidence, 
to have descended below liOOO feet level. In Southern Tibet 
similar evidences are numerous at the lowest situations of that 
elevated plateau. Equally convincing inoofs of ice-action 
exist in the interruptions to drainage courses that wen! 
caused by glaciers in various ])arts of the mountains. A 
more detailed survey and exjdoration of the Himalayas than 
has been possible hitherto will bring' to light further jmMjfs. 

The ranges of the Middle, Himalayas, which sujrjwrt no 
glaciers to-day, liave, in some cases, their summits and u])per 
slopes covered with moraines. The iie-transportiMl blocks' 
of the Potwar plains in Rawalpindi (refernid to on [lage 2(!(i) 
also furnish corroborative evidence to the same effect. 

(Note also the testimony of some hanging valleys (p. 20), of 
the well-known desiccation of the Tibetan lakes (p. 22).) 

* Middlcmifu is not disjMMcd to regard these ah ice-transported. J/em. 

Tol. xxvi. 1S9Q. Sec also footnote, p. 207. 
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Further evidence, from which an inference can be drawn 
of an Ice Age in the Pleistocene epoch in India, is supplied 
bv the very striking circumstance, to which the attention 
of the world was first drawn by the great naturalist, 
Alfred Russel Wallace. The sudden and widespread reduction, 
by extinction, of the Siwalik mammals is a most startling 
event for the geologist as well as the biologist. The great 
Carnivores, the varied races of elephants belonging to no 
less than fifteen spwics, the Simtherium and numerous other 
tribes of largo and highly specialised Ungulates whieh found 
such suitable habitats in the Siwalik jungles of the Pliocene 
(!poch arc to be seen no more in an immediately succeeding 
age. This sudden disappearance of the highly organised 
mammals from the fauna of the world is attributed by the 
great naturalist to the effect of the intense cold of a Glacial 
Age. It is a well-known fact that the more highly specialised 
an organism is, the less fitted it is to withstand any sudden 
change in its physical environments; while the less differ¬ 
entiated and comparatively simple organisms are more hardy 
and survive such changes cither by slowly adapting themselves 
to the altered surroundings or by migration to less severe 
environments. It is, therefore, proper to infer that the 
extinction of the large number of Siwalik genera and species, 
and the general impoverishment of the mammalian fauna 
of the Indian region, furnish us with an additional argument 
in favour of an “ Ice Age ” (though, of course, greatly modified 
and tempered in severity) in India, following the Siwaliks. 
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CHAPTER XXII 


THE PLEISTOCENE SYSTEM {Conlimed) 

THE INDO-OANQETIC ALLUVIUM 

The present eliapter will be devoted to the geoloiry of tlie Tin. iiinins 
great plains of North India, the third phy,sical division of 
India which separates the Peniiisnla from tlie extra-Penin- 
sular regions. It is a noteworthy fact that thc.se yilains have 
not figured at all in the geological liLstory of India til! now, 
the beginning of its very last chayiter. What the physical 
history of this region was during the long cycle of ages, we 
have no means of knowing. That is beeau.se the whole 
expanse of these plains, from one end to the other, is formed, 
with unvarying monotony, of Pleistocene alluvial deposits 
of the rivers of the Indo-Gangetic system, which have com¬ 
pletely shrouded the old land-surface to a depth of some 
thousand feet. The solid geology of the country is totally 
obscured underneath this mantle, whicdi has completely buried 
all the past geological records of this vast tract. The deposi¬ 
tion of this alluvium commenced after the final upheaval of the 
mountains and has continued all through the Pleistocene up 
to the present. The plains of India tints afford a signal 
instance of the imperfection of the geological record as 
preserved in the world, and of one of the many causiss of that 
imperfection. 

In the Pleistocene period, the most dominant features of Nature of 
the geography of India had come into existence, and the 
country had then aerjuired almost its yuesent form, and its dopreiBOB. 
leading features of topography, exceyit that the lands in front 
of the newly-upheaved mountains formed a depression, which 
was rapidly being filled up by the waste of the highlands. 

247 
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The origin of this depression, or trough, lying at the foot 
of tlie mountains, is doubtless intimately connected with 
the origin of the latter, though the exact nature of the connec¬ 
tion is not known and is a matter of discussion. The great 
geologist, Eduard Suess, has .suggested, as we have already 
seen, that it is a “ fore-deep ” in front of the high crust-waves 
of the Himalayas as they were checked in their southward 
advance by the inflexible solid land-mass of the Peninsula. 
On this view the dcj)ression is of a synclinal nature- a syn- 
clinorinm. From physical and geodetic considerations, Sir S. 
Burrard, the Surveyor-General of India, has arrived at a totally 
novel view of the origin of the de))ression. He considers that 
the Indo-Gangetie plains oceuin- a deep “rift-valley,” a portion 
of the earth’s surface sunk in a huge crack or fissure in the sub¬ 
crust, between ])arallel dislocations or faults on its two sides. 
Th<^ formation of this great crack, l.uOO miles long, and several 
thousand feet deep, in the crust of the earth was, according 
to this view, intimately eonnecteil with the elevation of the 
Himalayan chain ; was, in fact, according to Burrard, the 
prime, (;v(Uit in the whole series of |>hysieo-geographieal 
changes that took plaer^ at this ])eriod in the earth’s 
history. This view, which is has(‘d tin geodetic, observations 
and deduction alone, has got few geological facts in its support, 
and is not adopted by geologists, who eoneeivt! that the Indo- 
Gangetic depression is oidy of moderate depth, and that its 
conversion into the Hat plains is due to tint simple process 
of alluviation. According to the latter view, these plains 
have been formed by the deposition of the detritus of the 
mountains by the numerous rivers emtuging from them 
during a period of great gradational activity. The continuous 
upheaving of the mouittains must have rejuvenated the 
streams often and often, thus multiplying their cariying 
capacity several times their normal powers. It must also be 
remembered that this increased stream-energy was expended 
on a zone of recent folding and fracturing whose disintegra¬ 
tion must have proceeded with extreme rapidity. All these 
were most favourable conditions for the quick accumulation 
of sediments in the zone of lodgment at the foot of the moun¬ 
tains. 
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The area of these alluvial plains is 300,000 square miles. Eweiit and 
covering the largest portion of Sind, Northern Rajputann. 
tlic whole of the Punjab, the United Provinee.s, Behar. Bengal 
and half of Assam. In width they vary fnnu a inu-vimum of 
300 miles in the western part to l<‘ss than 90 miles in the eastern. 

The total thickness of the alluvial deposits is not aseerlaiiuHl. 
but from the few borings that have been made it appears 
that the thickness is more than 1300 feet, below the level ol 
the ground-surface and nearly 1000 feet, below the level of 
the sea. All the borings that have hitherto been inaile, for 
the purpose of obtaining a suj)ply of aitc-sian water, have 
failed to rocacli the rocky bottom, nor have they shown any 
indication of an approa<'h even to the base of the alluviuni. 

The highest eh-vation attained by thi- ])lains is IKK) feet 
above the sea level ; this is the ease with the tract of country 
between Saharanpur, Umballa. and l.ndhiana, in the Punjab. 

The, above tract is t hus the ])resent watinshi'd whiih divides 
the drainage of the east, i.c. of th<‘ (langes system, Irom that 
of the west, i.c. the Indus and rivers of the Punjab. There 
e.\ist many evidences to prove that this was not the old water- 
parting. The courses of many ol the rivers of the plains have 
undergone great alterations. Many of the rivers are yearly 
t)ringing enormous loads of silt froni the mountains, and 
depositing it on their bed.s. raise them to the level ol the 
surrounding Hat country, through which the stream Hows 
in ever-shifting channels. A comparatively trilling circum¬ 
stance is able to divert a river into a newly .scoured bed, 
deserting its old channel. The most sigiiilicant ol these 
instances is the deviation of the river .lunina. the sacred 
Saraswati of the Hindu ISha.'^tras, which in Veilic times 
flowed to the sea, through Eastern Punjab and Rajputana, 
by a chamiel that i.s now occu|ued liy an insignilicant stream 
\vhich loses itself in the sands of tim Bikaner desert. In course 
of time, the Saraswati took a mori‘ and more ea.sterly course 
and ultimately merged into the (langes at Prayag. It then 
received the name ol Jumna.' 

'Quart. Jour. Ocol. Society, xix. j). 34». lHli:t The alsivc example ilia# 
trates what, in a general manner, was the hi'hayiour of the niajonty of the 
rivers of this tract, including the Indus itself, which is supposed to have hoen 
originally conduent with the Ganges. 
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Lithology. 


Clutifica- 

tion. 


Old maps of Bengal show that hardly one hundred years 
ago the river Brahmaputra, which now flows to the west of 
Dacca, and the elevated piece of ground to its north, known 
as the Madhupur jungle, then flowed a great many miles to 
the east of these localities. This change appears to have 
been accomplished suddenly, in course of a few years. 

The rocks are everywhere of fluviatile and subaerial 
formation—massive beds of clay, cither sandy or calcareous, 
corresponding to the silts, mud, and sand of the modern 
rivers. Gravel and sand become scarcer as the distance from 
the hills increases. At some depths from the surface there 
occur a few beds of comjiact sands and even gravelly con¬ 
glomerates. A characteristic of the clayey part of the alluvial 
])lain8, particularly in the older parts of the deposits, is the 
abundant dissemination of impure calcareous matter in the 
form of irregular concretions—A'oni-ur. The formation of 
Kankar concretions is due to the segregation of the calcareous 
material of the alluvial deposits into lumps or nodules somewhat 
like the formation of flint in lime.stone. Some concretionary 
limonite occurs likewise in the clays of Bengal and Behar. 

With regard to the geological cla.ssification of the alluvial 
deposits, no very distinctly marked stages of deposition 
occur, the whole being one continuous and conformable 
series of deposits whose accumulation is still in progress. 
But the following divisions are adopted for the sake of con¬ 
venience, determined by the presence in them of fossils of 
e.'ctinct or living species of mammals ; 


3. Deltaic deposits of tho Indus, the Ganges, etc. Recent. 

2. Newer allnyinm : Kh'idnr of the Punjab. 

Fofisils, chiefly living species. 

1. Older alluvium : Bhnngar of the Ganges valley. 

Fossils of Ekplm itntiqmii, extinct BhinoceroK, 
Hippopotami^ etc. 


Unconformity., 


Rocks of Unknown .Age: possibly the extension of Archaean, 
I’lirann and Oonduvnan of the Peninsula. 


tte Bhangar. The Bhangar, or older alluvium of Bengal and the United 
Provinces, corresponds in age with the Pleistocene, while 
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the Khadar gradually passes into the Recent. The former 
generally occupies the higher ground, forming small plateaus 
which are too elevated to be flooded by the rivers during 
their rise. 

As compared to the Bhangar. the Khadar, though newer 
in age, occupies a lower level than the former. This, of 
course, happens in conformity with the inincijile tlwt ivs a 
river becomes older in time, its dejaisits become iirogressively 
younger; and as the bed of the river is continually sinking 
lower, the later deposits occupy a lower ]>osition along its 
basin than the earlier ones. .Such is the cn.se with all old river 
deposits (e.g. river-terraces and flood-jilains). Remnants of 
the Bhangar land are being eroded by every change in the 
direction of the river channels, and are being planed down by 
their meandering tendencies. 

The Khadar deposits are, ns a rule, confined to the vicinity The Khadar. 
of the present channels. The clays have less Kankar, and 
the organic remains entombed in them all belong to still 
living species of elephants, horses, o.xen, ileer, biiflaloes, 
crocodiles, fishes, etc. The Khadar imperceptibly merges 
into the deltaic and other accnimd.ations of the prehistoric 
times. The delta of the Ganges and the Brahmaputra is The Gangea 
merely the seaward prolongation of t he Khiular deposits of the ‘*®’**' 
respetive river-valleys. It covers an area of 50,IKK) square, 
miles, composed of repeated alternations of clays, sands and 
marls with recurring layers of iieat, lignite and some forest- 
beds. 

Similarly the Indus delta is a continuation of the Khadar The Indus 
of the Incius river. This delta is of much smaller area than 
the Ganges delta, since it is probable that the present delta 
is not of a very old age, but is of comparatively late formation. 

It is inferred from various evidences that the Indus, within 
historic times, bad a very much more easterly course, and dis¬ 
charged its waters at first into the Gulf of Cambay and then 
into the Rann of Cutch. Both in Sind and Cutch there exist 
popular traditions, as well as physical evidences, to support 
the inference that the Indus has changed its course materially 
since historic times, and has deviated to a more westerly 
course. (See p. 249.) 
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Economics. 


A few other vernacular terms are employed to denote 
various superficial features of geological importance in this 
area; 

BMber denotes a gravel talus with a somewhat steep slope 
fringing the outer margins of the hills everywhere. It resembles 
the alluvial fans or dry-deltas. The rivers in crossing them 
lose themselves by the abunda.it percolation in the loose 
absorbent gravels. The student will here see the analogy of 
this Bhaber gravel with the Upper Siwalik conglomerates. 
The latter was, in fact, an old Bhaber slojie sealed up into a 
conglomerate by the infiltration of a cementing matrix. 

Terai is the densely forested and marshy zone below 
Blialnir. In these tracts the water of the Bhabi'r slopes 
reapjiears and maintains them in a permanent marshy or 
swampy condition. 

The term BIntr denotes an elevated piece of land situated 
along the banks of the Ganges and formed of accumulated 
wind-blowni sands, during the dry hot montlis of the year. 

In the drier ])arts of the alluvial plains, a peculiar saline 
efflorescent product— lieh ' or KaUar-As found covering the 
surface and destroying in a great measure its agricultural 
fertility. The Reh salts are a mixture of the carbonate, 
sulphate and chloride of sodium together with calcium and 
magnesium salts derived originally from the chemical 
disintegration of the detritus of the mountains, dksolved 
by percolating waters and then carried to the surface by 
capillary action m the warm dry weather. 

Though not possessed of any mineral resources, these 
alluvial plains are the highest economic asset of India because 
of their agricultural wealth. The clays are an imlimited 
store for rude earthenware and brick-making material, which 
is the only building-material throughout the plains; while 
the Kankar is of most extensive use for lime and cement- 
making and also for road-construction. These plains arc an 
immense reservoir of fresh sweet water, stored in the more 
porous, coarser strata, beneath the level of saturation, which 
is easily accessible by means of ordinary borings in the form 
of wells. The few borings that have been made have given 
> Rec. O.SJ. vol. liii. pt. 2, 1880. 
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proof of the prevalence of artesian coiulitkms in some parts 
of the plains, and in a few csfBes artesian borinpi liave been 
made with successful results. 

Of the same ags as, or slightly newer than, the alluvial forma- Rajimwii* 
tion just described ate the aeolian aceunmlations of the great 
desert tract of India, known as the Thar. The Thar, or 
Rajputana desert, is one wide e.xpanse of wind-blown sand 
stretching from the west of the Aravallis to the basin of the 
Indus, and from the southern confines of the Pimjab 
jtlains, the basin of the Sutlej, to ns far south as hit. 25 ’, 
occupying an area 400 miles long by KKI miles broad, 
concealing beneath it much of tin' solid geology of the 
region. The desert is not one flat- level waste of sands, but 
there arc nuiiK'rous rocky projections of low elevation in 
various parts of it, and its surface is further diversified by 
the action of the prevailing winds, which have heajied u]) the 
sands in a well-marked series of ridges, dunes and hillocks. 

The, rocky prominences which stand up above the sands 
belong to the older rocks of the counlrv, presenting in their 
bare, bold and rounded outcrops, and in their curiously 
worn and sand-blasted topogra(>liy, striking illustrations of 
the phenomena of desert-erosion. The asjiect jiresented by 
the sand-hills resembles that of a series of magnified wind- 
ripples. Their strike is generally transverse to the jirevailing 
winds, though in a few casi-s, e.if. tho.5e occurring on the 
southern part of the desert., the strike is parallel to the wind- 
direction. In both cases the formation of the sand-ridges 
is due to wind-action, the longitudinal type being character¬ 
istic of parts where the force of the wind is great, the trans¬ 
verse type being characteristic of the, more distant jiarts of 
the desert where that force has abated. The windward 
slope is long, gentle and undiilatory, while the opjKisite slope 
is more abrupt and steep. In the southern part, of the desert 
these ridges are of much larger size, often assuming the 
magnitude of hills 400 to 50(t feet high. All the dunes are 
slowly progressing inland. 

The most predominant component of the sand is quartz Com(losiUon 
in well-rounded grains, but felspar- and hornblende-grains 
also occur, with a fair proportion of calcareous grains. The 
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latter are only casts of marine foraminiferal shells, and help 
to suggest the site of origin of the sands with which they are 
intimately mixed. 

As is characteristic of all aeolian saiids, the sand-grains 
are well and uniformly rounded, by the ceaseless attrition 
and sorting they have received during their inland drift. In 
other respects the Rajputana sand is indistinguishable from 
the sand of the sea-shore. 

The origin of the Indian desert is attributed, in the first 
de«ert. instance, to a long-continued and extreme degree of aridity 
of the region, combined with the sand-drifting action of the 
south-west monsoon winds, which sweep through Rajputana 
for several months of the year without precipitating any part 
of their contaitied moisture. These winds transport inland 
clouds of dust and sand-particles, derived i!i a great measure, 
from the Rann of Cutch and from the sea-coast, and in part 
also from the basin of the Lower Indus. There is but little 
rainfall in Rajputana—the mean annual fall being not much 
above 5 inches—and consequently no water-action to carrv 
off the detritus to the sea, which has hence gone on accumu¬ 
lating year after year. A certain proportion of the desert 
sand is derived from the weathered debris of the rocky promin¬ 
ences of this tract, which are subject to the great diunial as 
well as seasonal alternations of temperature characteristic 
of all arid regions. The daily variation of heat and cold in 
some parts of Rajputana often amounts to 100° Fahr. in the 
course of a few hours. The seasonal alternation is greater. 
This leads to a mechanical disintegration and desqmmalwti 
of the rocks, producing an abundance of loose debris, which 
there is no chemical or organic (or humus) action to convert 
into a soil-cap. 

The desert is not altogether, as the name implies, a desolate 
treeless waste, but does support a thin scrubby vegetation 
here and there, which serves to relieve the usually dreary 
and monotonous aspects of its limitless expanses; while, in 
the neighbourhood of the big Rajputana cities, the soil is of 
such fertility that it supports a fairly large amount of culti¬ 
vation. Wells of good water abound in some places, 
admitting of some measure of well-irrigation. 
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Besides the above-described features of the great Indian 
desert, the Thar offers instructive illustrations of the action 
of aeolian agencies. As one passes from (Jujarat or even 
Central India to the country west and south of the Aravallis 
one cwinot fail to notice the striking change in the topography 
that suddenly becomes apparent, in the bare and bold hill- 
masses and the peculiar sand-blasted, treeless landscaj)es 
one sees for miles aroimd under a clear, cloudless sky. 

Eijually apparent is the abmidance of mechanical d6bris. 
produced by the powerful insolation, the disintegration of 
the bare rock-surface by desquamation, the saline and 
alkaline efflorescences of many jiarts. the general absence 
of soil and humus. A more subtle and less easily nnderstocMl 
phenomenon of the Rajputana desert is tint growing salinity 
of its lake-basins by wind-borne salt dust from the sea- 
coasts.* 

This vast desiccated plain terminates to the south-west ijio^^nn 
in the broad depres.sion of the Rann ol Cutch, another tract 
of the Lulo-Gangetic de])ression which owes its present 
condition to the geological processes of the Pleistocene age. 

This tract is a saline marshy ])lain .scarcely above the sea- 
level, dry at one part of the year and covered by water at 
the other part'. It was once an inlet of the. Arabian Sea, which 
has now been silted up by the enormous volume ol detritus 
poured into it by the small rivers discharging into it trom the 
east and north-east. From November to .Mar<'h, that is, 
dimng the period of the north east or retreating monsoons, 
the Rann is a barren tract of dry salt encrusted mu<l. jiresimting 
aspects of almost inconceivable (hcsolatiou. Its flat un¬ 
broken surface of dark silt, baked by the sun and blisteied 
by saline incrustations, is varied only by the mirage and 
great tracts of dazzlingly white salt or e.xtensive but shallow 
flashes of concentrated brine; its intense sihuit dc.solation 
is oppres.sive, and save by chance a slowly passing caravan 
of camels or .some herd of wild us,ses, there is nothing beyond 
a few bleached skeletons of cattle, salt dried fish, or remains 
of insects brought down by floods, U> maintain a distant 
and dismal connection between it and life, which it is utterly 

* Sec. 0.8.1. Tol. X. pt. 1, 1877, ami Mem. 0.8.1. vol. xxxv. pt. 1, 1002. 
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unfit to ■ support.”' During the other half of the year it 
is flooded by the waters of the rivers that are held back owing 
to the,.Tise -pf the sea by the south-west monsoon gales. A 
very little depression of this tract would be enough to convert 
Kathiawar and Cutch into islands. On the other hand, if 
depression docs not take place, the greater part of the surface 
of the llann will be gradually raised by the silts brought by 
the rivers with each flood, and in course of time converted 
into an arable tract, above the reach of the sea, a continu¬ 
ation of the alluvial soil of Gujarat. 
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THE PLEI.STOC'EN’E SYSTEM {Conlimml) 

LATEEITE 

I\ this chapter we shall (Mmsiflcr latcritc. a most wide- ijn<-riic. » 
spread Pleistocene forination of the IVniiisiila and Pnrins. 
a product of subaerial alteration hij’hly p<‘<’uliar to India India. 
Laterite Ls a form of rcftolith peculiar to India ainl a few other 
tropical countries. Its iiniversal disirihution within the area 
of the Peninsula, and the economic considerations that have 
of late gathered round it, no less than its obscure mkhU! of 
origin, combine to make laterite an important subject of 
study in the geology of India. 

Laterite is a kind of vesicular clayey rock, composed CoiuiKwitioii. 
essentially of a mi.vture of the hydrated oxidivs of alumina 
and iron, with often a large jjcncntage of other oxides, chief 
among which are manganese and titanium oxides. The 
iron oxide generally preimmleratcs and gives to the nsk 
its prevailing red colours ; at places the iron has concentrated 
in oolitic concretions,at other places it is completely removed, 
leaving the rock bleached, white or mottled. At some places 
again the iron is replaced by manganese o.xides ; in the 
lateritic cap over the Dhanvar rocks this is particularly the 
case. A large part of the aluminoas ingnslient, wliich was 
formerly thought to be onlinary clay (kaolin) has bt'cn 
found out by Holland to be a simple hydrated oxide of alumina 
(bauxite). Acconling, therefore, to the preponderance of 
any of these oxides, iron, alumina, or manganewe, at the 
different centres, the rock constitutes a workable ore of that 
metal. Usually between the laterite cap and the under¬ 
lying basalt or other rocks over which it rests, there is a 
w.o.i. 237 a 
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Distribution 
of laterito. 


HighloTol 
Uterite and 
low-level 
laterite. 


lithonmrge-Iike rock, or bole, a sort of a transitional product, 
showing gradual passage of the underlying rock (basalt or 
gneiss) into laterite. 

Laterite has the peculiar property of being soft when 
newly quarried, but becoming hard and compact on exposure 
to the air. On account of this property it is usually cut in 
the form of bricks for building purposes. Also loose fragments 
and pebbles of the rock tend to re-cement themselves into 
solid masses as compact as the original rock. 

Laterite occurs principally as a cap on the summit of the 
basaltic hills and plateaus of the highlands of the Deccan, 
Central India, and Central Provinces. In its best and most 
typical development it occurs on the hills of the Bombay 
Deccan. In all these situations it is found capping the highest 
flows of the Deccan Traps. The height at which laterite is 
found varies from about 2000 feet to 5000 feet and consider¬ 
ably higher, if the ferruginous clays and lithomarges of the 
Nilgiri mountains are to be considered as one of the mf^iy 
modifications of this rock. In thickness the laterite cap varies 
from 50 to nearly 200 feet; some of those arc of small lateral 
extent, but others are very extensive and individual beds ate 
often seen covering an immense surface of the country con¬ 
tinuously. laterite is by no means confined to the Deccan 
Trap area, but is found to extend in isolated outcrops from 
as fat north as the Rajmahal hills in Bengal * to the southern 
extremity of the Peninsula. In these, localities the laterite 
rests over formations of various ages and of varying litho¬ 
logical composition, e.g. Archaean gneiss, Dharwat schist, 
Cuddapah rocks, etc. Laterite is of fairly wide occurrence in 
parts of Burma also. 

The laterite of the above-noted areas is all of high level, 
i.e. it never occurs on situations below 2000 feet above the 
sea level. The rock characteristic of these occurrences is of 
massive homogeneous grain and of uniform composition. 
This laterite is distinguished as high-level laterite ; to differen¬ 
tiate it from the low-level laterite that occurs on the coastal • 

' ThetH) hills are for the most part compneed of Jurassic traps, in addition 
to a substratum of Gondwans rocks; the summit of the traps is covered 
with laterite. 
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lowlftndfl on both sides of the Peninsula, east and we«t. On 
the Malabar side its occurrences are few and isolated, but on 
the eastern coast the laterite occurs almost ever^'-where 
rising from beneath the alluvial tracts which fringe the coast. 

Latente of the low-level kind occurs also in Burma, in Pegu, 
and Martaban. Low-level laterite differs from the high-level 
rock in being much less massive and in being of detrital 
origin, from its being formed of the products of mechanical 
disintegration of the high-level laterite. As a rock-tvpe, 
laterite cannot be said to constitute a distinct petrological 
species; it shows a gfeat deal of variation from place to place, 
as regards both its structure and its composition, and no i)road 
classification of the varieties is jmssible; but the above 
distinction of the two types of high and low level is well 
established, and is based on the geological difference of age 
as well as the origin of the two types. 

The origin of laterite is intimately eomiectcd with the Thoories of 
physical, climatic, and denudational proce^sses at work in India, 

The .subject is full of difficidties, and although many hypo¬ 
theses have been advanced by different geologists, the origin 
of the (high-level) laterite Ls as yet a much-debated question. 

One source of difficulty lies in the segregative changes which 
are constantly going on in this rock, which obliterate the 
previously acquired structures and bring about a fresh 
rearrangement of the constituents of the rts'k. It is jirobable 
that laterites of ail the different places have not had one 
common origin, and that widely divergent, views are ]x)ssiblc 
for the origin of the different varieties. 

From its vesicular structure and its frequent association 
with basalts, it was at first thought t o Is-! a volcanic rock. Its 
subaerial nature was, however, soon recognised beyond doubt, 
and later on it was thought to be an ordinary sedimentary 
formation deposited either in running water, or in lakes and 
depressions on the surface of the (raps. Still later views 
r^rd the rock as the result of the subaerial decomposition 
in situ of various species of rocks imder a warm, humid and 
monsoonic climate. Under such conditions of climate the 
decomposition of the silicates, especially the aluminous 
silicates of crystalline rocks, goes a step further, and instead 
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of kaolin being the final product of decomposition, it is 
further broken up into silica and the hydrated oxide of alumina 
(bauxite). Sir T. H. Holland has advocated this view, and 
he suggests the vital action of low forms of vegetable life as 
supplying the energy necessary for the breaking-up of the 
silicates to this last stage. The silica is removed in .solution, 
and the salts of alkalies and alkaline earths, derived from the 
dwomposition of the ferromagnesian and aluminous silicates, 
are dissolved away by percolating water. The remaining 
alumina and iron oxides become more and more concentrated 
and become mechanically mix(‘d with the other products 
liberated in the process of decomposition. The ve.sicular or 
porous structure, so characteristic of latcritc, is du(! to mole¬ 
cular segregation takiitg place among the products left behind. 

A still mote recent view is suggested by Mr. J. M. Maclaren.* 
He declares that latcritc deposits are derived by the meta- 
somatic replacement (in some cases by meehanu'al replace¬ 
ment) of the soil or sub-soil by the agency of mineralised 
solutions brought up by the undergrmmd percolating waters 
ascending by capillary action to the su])erficial zone. 

Prom the highly variable nature of this peculiar rock, it is 
possible that every one of the above causes may have operated 
in the production of the laterites of dillerent parts according 
to particular local conditions. Dr. Leigh Permor is of this 
opinion, and has declared that no one hypothesis will be aide 
to account for all the latcritc deposits of the Indian Peninsula. 
The »gc of The age of the existing high-level latcritc cap is not deter- 
latcritc. miuoyg yyith certainty ; in part, it may be Pliocene, or even 
older, in part its age is Post-Tertiary (Pleistocene) or somewhat 
later, and it is probable that some of it may still be formuig 
at the present day; that of the low-level, coastal latcrite rau-st 
obviously be still younger. The earliest remains of pre¬ 
historic man in the shape of stone implements of the 
Paheolithic type are found embedded in large numbers in the 
low-lying laterite. 

There are evidences, however, that important masses of 
laterite were formed m the Eocene, and even in earlier ages. 
Its subaerial mode of origin under the above conditions 
‘ Qeologieal ilagazinr, Dec. V. vol. iii. 1906. 
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being granted, there is no reason why it should be rcstricte<l 
to any particular age only. AeoortUng to several authorities 
laterite is seen at several other horizons in the. stratigraphical 
record of India, especially those marking breaks or uncon¬ 
formities when the old land-surfaces wore e.xposcd for long 
durations to the action of the subaerial agents of change. 

A ferruginous lateritic gravel bed among the nx k-records of 
])ast ages is, therefore, held to be of the .same signili(;ance as 
an unconformity conglomerate. 

.iVs stated above, laterit(! is at times, acconling to eondiiions Uodii.miiM, 
favouring tin; concentration of any particular metallic o.xide, 
a valuable ore of iron nr an ore of aluminium and manganese. 

The use of laterite as an ore of iron is of very old standing, 
but its recognition as a source of alununa is due to Sir T. II. 

Holland, and of manganese to Dr. L. Fertnor. In several 
parts of southern India and Hurma laterite is (|uarried for 
use as a building stone from the lacility with which it can be 
cut into bricks. In fact the term latent.' originally has come 
fn)m the Ijatin word Idler, a brick. 


KKKKKSNCK.'i 
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Examples of 
Pleietooene 
and Recent 
depoiitB 


Alluvinni of 
the Upper 
Sntlej. 


PLEISTOCENE AND RECENT 

Among the Pleistocene and Recent deposits of India are the 
following, each of which in its respective locality is a formation 
of some importance. The high-level river-terraces of the Upper 
Sutlej and other Himalayan rivers and of the Narbada and 
Tapti among the Peninsular rivers ; the lacmstruie deposits- 
(TJffier Karewa) of the Upper Jhclum valley in Kashmir and 
the similar accumulations (Ttinr) in the Nepal valley; the 
foraminifcral sandstone {PorlxntJer stmw) of the Kathiawar 
coast and the Teris of the Tinncvclli and Travancorc coMts ; 
the acolian deposits of the Godavari, Kistna and Cauvery 
banks (resembling the Bhur of the Ganges valley) and 
the loess deposits of the Salt-Range and of Baluchistan ; the 
extensive fluvio-glacial deposits of the Potwar-plateau; the 
stalagmitic cave-deposits of the Kamul district; the black 
cotton-soil or Regur of Gujarat and the Dcccan ; the great 
gravel-slopes (daman) of the Baluchistan hills, etc., are 
examples, among many others, of the Pleistocene and later 
deposits of India, each of which require a brief notice in the 
pn-sent chapter. 

Ossiferous clays, sands and gravels, the remains of the 
Pleistocene alluviiuu of the Upper Sutlej,' are fomid in the 
Hmides province of the Central Himalayas covering several 
hundreds of square miles and resting at a great height above 
the present level of the river-bed. These deposits were laid 
down in the broad basin of the Upper Sutlej while it 
was at a considerably higher level, enclosing numerous 
relics of the living beings that peopled this part of the 
Himalayas. The old alluvium of the river is now being 

* Rec. O.S.I. Tol. liv. pt. 2,1881. 
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deeply trenched by the very Sutlej which has already cut 
out of it a picturesque and deep, narrow gorge some 3000 feet 
in depth. 

In the broad basins of many of the Peninsular rivers large Tupii and 
patches of ancient alluvium occur, characterised by the^"'**^*’ 
presence of fossils belonging to extinct species of animals. 

Of these the old alluvial remains of the Narba<la and Tapti 
are remarkable as lying, in deep rock-basins,' at considerable 
elevations above their present bed. .4mong other vertebrate 
and mammalian fossils, these ancient river .sediments have 
preserved the earliest undoubted traces of man’s (‘.vistcnee 
scattered in their alluvia. That he lived in the broml fertile 
valleys of these Peninsular rivers is proved by the abundance 
of his handiwork, the stone-knives, hatchets, arrows and other 
implements w'hich he itsed in the pursuits of his daily lifi', 
manufactured out of any hard stone that he came across, 
whether it was Cuddapah quartzite or Vindhvan .sandstone, 
or the amygdaloidal agate,s. 

There is some proof that the Narbada in tho,se days was 
confluent with the Ta])ti, and that its separation into a distinct 
clutnnel was effected at a comparatively late date by earth- 
movements. That the course of the Narbada has undergone 
a serious disturbance during late geological tina? is corro¬ 
borated by another piece of evidence, namely the precipitous 
falls of this river at Jabalpur. 

The valley of Kashmir is an alluvinm-tilled basin, a large part Thn Karewu 
ofwhich is ofrecent formation by the river Jheinm. More than'" ** 
half of its area, however, is occupied by outliers of a distinctly 
older alluvium, which forms mounds or platforms, sloping 
away from the high momitains that Ijonler that valley on 
all sides. These deposits, known in Kashmir language as 
Karevm} are composed of fine silty clays with sand and 
gravel, the coarse detritus being, as a rule, restricted to the 
peripheral parts of the valley, whih? the finer variety prevails 
towards the central parts. The bedding of the Karewas is 
for the greater part almost horizontal, but where tliey abut 
upon the Pir Panjal, or the mountains of the south-east border 
of the vfdley, they show evidence of a good deal of upheaval, 

* F. Drew, Jammu and Kathmir TerriiorM, p 210, 1875. 



264 


GEOLOGY OF INDIA 


Porbander 

stone 

(MilioUto). 


dipping sometimes as much as 40® at some places, the direc¬ 
tion of the dip being towards the valley.^ 

Middlemm’ work in the Pir Panjal and elsewhere has greatly 
motlified the %dews regarding the age and thickness of these 
deposits. He has shown that their thickness amounts to 
3000 feet at least, and that the lower part of the Karewa 
de[)osits is considerably older than any of the glacial moraines 
on the Pir Panjal. It is evident, therefore, that the Karewas 
must indude deposits older than the Pleistocene—Upper 
Siwalik. 

The Karewas, in their upper beds, are .suj)posed to be the 
relics of an old extensive lacustrine formation which once 
filled the whole valley of Kashmir from end to end to a depth 
of more than a 1000 feet. This old alluvium has been sub.se- 
(piently dissecteil, and in a great measure removed by 
subaerial denudation as well as by the modern Jhelum into 
the Karewa outliers of to-day. For further information 
regarding Karewa see Chapter XXVI1. 

Old alluvial deposits, to which a similar origin is a.scribed, 
art' found in the Xejad valley, and tire known there under 
the local nanit' of Tmir. They contain a few peat and phos- 
j)hatie beds. 

In a prttv'ious chapter it was mentioneil that all along the 
eastern coastt of India, from the Canges delta to the extremity 
of the Peninsula, there is a broad strip of Tertiary and Post- 
Tertiary alluvium containing marine shells and other fossils. 
The Tertiary part of these de})osita has been described already 
under the title of the Cuddalore series, in Chapter XVII. ; 
the remaining younger part occupies small tracts both on the 
east and west coast. That on the cast coast, however, 
assumes a considerable width and forms large tracts of fertile 
country from the Mahanadi to the Cape. On the Malabar 
coast this alluvial belt is very meagre and is confined to the 
immediate vicinity of the coasts except at its north end, where 
it widens out into the alluvial flats of Gujarat. On the 
Kathiawar coast at some places a kind of coastal deposit 

* Recent it)vi*8tigation8 have rercaled Home Kniowa deposits even on the 
summit of the Pir Panjal (11,000 ft.). thus proving that the latter luoun* 
tains have been elevated nearly iHKH) ft. since the Karewas wore'deposited. 
Jlec. O.S.I. vol. xliv. pt. 1,1014, Director's Report. 
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occurs known as the Porbander stone («oiiu'times also tut 
MilioUte, which is noteworthy). It is composed of calcareous 
wind-blown sand, the sand grains being largely iiiaile u)) of 
the casts of foraminifers, the whole eoinpaeted into a whiteor 
cream-coloured, rudely-k*dded freestone. From its softness 
and the ease with whieh it reeeives dressing ami ornament al 
treatment, it is a favourite material for architectural pur|ioses 
in many parts of the Bombay Presidency. 

Sand-dunes are a common featuri' along tlu‘ Indian coasts, Sand-duno* 
particularly on the Malabar coast, where they Inivi' heli)e(l 
to form a large number of lagoons ami backwaters, whieh 
form such a prominent feature of (he we.stern coast of India.' 

In Orissa there are several |»arallel ridges of saml-duin's on 
the plains fronting the coast whieh are held to indicate the 
successic'c jiositions of the coast-line. Sand-loving grasses 
and otiu'r vegetation hel]) to check the further jirogress of 
the, dunes inland. 

Sand-dtuies are also met with in the interior of the Peninsula, 
in the broad valleys of the Kistna, (iodavari. etc. The sand 
is blowi there by the strong winds blowing through the.se 
valleys <luring the hot-weather months. A large volume of 
sand i.s thus transjsrrted and accnnmiated along the river 
courses, which ari‘ unable to sweep them away (I'f. lihtir land 
of the (langes valley). 

The peculiar form of sand-hills known as Teri on the Tin- 
ncvelli coast is also of tin! same origin. 

In the country to the west of the linlus in the N'.VV. Punjab Unm. 
and on the Salt-Range, there are subacrial Pliastocene accumu¬ 
lations of the nature of loess, a loose unstratilied (earthy or 
sandy deposit but little differing in composition from the 
alluvium of the plains. Loess, however, rliffers from the latter 
in its situation at all levels above the general surface of the 
plains and in its being usually traversed by line holes or tubes 
left by the roots of the grasses growing upon it. The lower 
parts of Baluchistan arc largely covered with wiml-blown,' 
more or less calcareous anil sandy earth, unstratifled and 
loosely consolidated. On the flat plateau top of the Salt- 
Range loess is a very widespread superficial dejwsit. and 
on many plateaus, wiiich form the summit of this range, 
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the accumulation of loess from the dust aud sand blown 
from the Punjab plains is yet in progress. The inequali¬ 
ties of the surface, produced by its irregular distribution, 
are the cajise of the numerous shallow lakes * on the summit 
of the Salt-Range. Loess is also a prevalent superficial 
formation in the country bordering the Salt-Range to its 
north. 

The conditions that have favoured the growth of loess in 
these parts are their general aridity and long seasons of 
drought. These give rise to dust-storms of great violence 
in the hot-weather months preceding the monsoons, which 
transport vast clouds of dust and silt from the sun-baked plains 
and dried-up river-basins, and heap them on any elevated 
ground or accidental situation. The isolated dust-mounds 
one. notices in some parts of the Punjab are attributable to 
this caihso. 

Potwar Potwar (Piitliwar)* is an elevated jilain lying between the 

northern slopes of the Salt-Range and the Rawalpindi district. 
A few feet below the onlinary Pleistocene alluvium of these 
plains is found a curious intermixture of large blocks of rocks 
w’ith small pebbles and boulders, the whole embedded in a 
fine-gramed clayey matrix. The material of the blocks 
suggests their derivation from the high central ranges of the 
Himalayas, while their size suggests the action of floating 
ice, the only agency which could transport to such distances 
such immense rock-masses. The Indus river is noted for 
floods of extraordinary severity (owing to accidental dams in 
the upper narrow gorge-like parts of its chaimel or that of any 
of its tributaries).* Many such floods have been known since 
historic times, and some have been recorded in the chronicles. 
The water so held up by the dam spreads out into a wide lake¬ 
like expanse in the broader part of the valley above the gorge. 
In the Pleistocene times, when, as has been shown in a previous 
chapter, the Himalayas were experiencing arctic conditions 
*of climate, the surface of the lake would be frozen. The 

> Bk. O.S.I. vol. xl. pt. 1, 1910. 

» Rtc. O.S.I. TOl. X. pt. 3, 1877, and Bee. 0.8.1. vol. xiii. pt. 4, 1880. 

’ For an intercating account o( some of the recent disaetroua floodi of the 
liiduB and their cause, obtained from eye-witnesses and from personal 
observations, see Drew, Jammu and Kashmir Terriiories. London, 1875. 
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sudden drainbg of the lake, consequent on the removal of 
the obstacle by the constantly increasing pressure of the 
waters resulting from the melting of the ice in springtime, 
would result in the tearing off of blocks and masses of 
rocks frozen in and surrounded by the ice. The rushing 
debacle would float down the ice-blocks with the enclosetl 
blocks of rock, to be dropped wliere the ice melted aiul tl\e 
water had not velocity enough to carry or push them further. 

This would, of course, happii at the site where the river 
emerged from its moimtain-track and entered the jilains. 

The above is regarded as the true explanation of the origin 
of the Potwar deposits. It thus furnishes us with another 
cogent evidence of the cxisteiu’e of glacial conditions, at any 
rate in the Himalayas.* 

Caves.* But few caves of iialaeontological interest exist Uvo 
in India, and of these only one has received the attention '’"I”*'**’ 
of geologists. The caves in other countries have yielded 
valuable ossiferous stalagmitic de}S)sita, throwing much light 
on the aiumal population of late geological times, their liabits, 
mode of life, etc. The, only instances of the Pleistocei\c caves 
are a few caverns in the Kamul * district in the neighbour- 
lioofl of Banaganapalli, in a limestone belonging to t he Kiirnool 
scries. In the stalagmite at the floor, there occurs a large 
assemblage of bones belonging to a mixtun' (tf recent and 
sub-recent species of genera, like Viwrra, llyslrix, Sm, 
Rhinoceros (extinct),and Cynoccp/edH.s, Equus, Hyaena, Manis, 
etc. (living species). 

A small cave in a limestone belonging to the Triassic age, 
occurring in the neighbotuhood of iSrinagar, near Harwan, 
was recently found to contain mammalian Ixines on its floor. 

They included the remains of sub-recent species as Cervus 
AristMis (Sambur), Sm, Scrophn (European ])ig), and an 
imknown antelope. 

* Middlcmiwi is not disposed to regard llje I'oi,» ar bloeks as iee transporUxl 
and M “ erratic^.’* He bfUevea theiri io bp einiply weathorptl-out manwtf 
of granite in at/u. In the Hazara ho found what were thought to be erratks 
by Theobald, to be only the weathered outiTojia of granite*voin» that had 
penetrated the rock* of the country. if«w. vol xxvi. JH96. 

* Rec. O.SJ. Toi. xix. pt. 2, 188fl; Pal. Ind. x. voJ. iv. pt. 2, 

* Mrm, O.S.I. vol. ir. pp. 183 and 357. and toI. vi. p. 235; Hec. vol. iv. 
p. 80. 1871. 
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Among the residual soils of India there is one variety which 
is of special geological interest. This is the black soil, or Regur,^ 
of many parts of Gujarat and Deccan, and the other 
“ Cotton districts ” of the Peninsula. Rcgur is a highly 
argillaceous, somewhat calcareous, very fine-grained black 
soil. It is extremely sticky when wetti^d, and retains its 
moLsture for a very long time. Among its accessory con¬ 
stituents ace a high percentage of calcium and magnesium 
carbonates, iron, and a very large admixture of organic 
matter, sonudirnes amounting to 10 per cent. It is owing 
to the two latter constituents that the prevailing dark, 
often black, colour is due. The black c()tton soil is credited 
with an extraordinary degree of fertility by the p<u)ple ; it is 
in some cases known to have su])porte(l agriculture for cen¬ 
turies without manuring or being left fallow, and with no 
aj)paront sign of exhaustion or im])overishment. 

The origin of t his soil is ascribed to long-continueil surface- 
action on rocks like the Dcccan Traps and other Peninsular 
formations. The di'composition of basalts in situ-, and of 
aluminoiLS rocks generally, would result in an argillaceous or 
clayey residue, which, by imj)regnation of decomposed 
organic matter, humus, residting from ages of jungle growth 
ov(>r it, together with some iron, would assume the character 
of Regur. 

Alluvial fans or taluses fringing the mountains of Baluchi¬ 
stan, and known as “Daman." are another example of 
I'leistocene deposits. These arc a very prominent feature of 
the hilly parts of Baluchistan where the great aridity and 
drought favour the accumulation of fresh angular ddbris in 
enormous heaps at the foot of the hills. AVells that are 
commonly excavated in these gravel slo|)es (and which are 
known as Karez) illustrate a jteciiliar kind of artesian action. 
The Karez is merely a long underground, almost horizontal, 
tunnel-Ukc bore driven into the slojang talus till it reaches 
the level of permanent satination of water, which is held 
in the loose porous gravel. The water is found at a 
sufficient pressure to make it How at the mouth of the 
well. The undergroimd tuimel may be several miles in 

' rVoni Telugu word Rtgada. 
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length and connected with the surface hy a number of 
bore-holes.* 

In the foregoing account of the later geological deposit.^ of Tlio iluuian 
India there is'over\wvbere a gradual passage from the Pletsto- 
cene to the Recent, and from that to Prtiiistoric. The,se 
periods overlap each other much as do the pi'riods of Imman 
history. As in the other parts of the world, the Pleistocene 
in India also is distinguished by the jiri'sence of Man and is 
know'll as the Human ejioch. 

Man’s existence is revealed by a number of his relies pre¬ 
served among the gravels of such l ivers as the Narbada and 
Godavari, or in other superficial alluvia, both in South and 
North India. These archaic human reliis consist of various 
stone imjiiements that |irehistoric ni.an used in his daily life, 
ranging from rude stone-chippings and Hakes to .skilfully 
fashioned and even polished instrunu'nts like knives, cc'lts, 
scrapers, arrow-heaiLs, spears, needles, etc., maniifactured out 
of stone or metal or bone. These instruments (“ artefacts ”) 
become more and more ntimeroiis, more widely scattered, and 
evince an increasing degree of skill in their making and in 
their manipulation as we ascend to newer and younger 
formations. This testimony of his handwork furnishes us 
with the best basks for the classiiieation of this ysuiod into 
three ejiochs ; 


3. Iron Age. 

2. Rronze Age. 

1. Stone .Vge. 


(A’e«fi7/i(’c polished tools, 
I PidiWolilhir rude tools. 


Thc.se three .stages of the Human ejssh, decipherable in 
the Pleistocene records of the other [larts of the world, are 
recognisable in the nunu-rous relics of man discovereil in 
India. Besides bronze im])lements, the primitive Indian 
used implements made of copjs’r, a material which he obtained 
from some deposits of native copper in Southern Inrlia.* 

* V'rciknburg, 3/cw. vol. xxxii. pi. 1. IWl : (iMham, Hv. (i Sl. vtil. xxv. 
pt. I, 1802. 

• PrfJtiitork and PrUokistoric Utlkjf of fioutk^m India, by R. B. Foote, 
MtuU-aa, 1015. 
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The existence of man in an age earlier than the older alluvia 
of the Narbada and Godavari is a matter of conjecture only. 
Whether he was a witness of nature’s last great phenomenon, 
the erection of the Himalayan chain to its present height, 
or whether he was a contemporary of the Sivatherium or the 
Stegodon, is a profoundly interesting speculation, but for 
which no clue has been hitherto discovered. The question 
has hardly received any attention in India, and for any 
elucidation it must await the solution of the great problem 
of the glacial man in Europe. 

Here, however, we reach the limits of geological inquiry. 
Further inquiry lies in the domains of anthropology and 
archaeology. 1 

Pew changes of geography have occurred in India since 
the Pleistocene. After the great revolutions at the end of 
the Pliocene, the present seems to be an era of geological 
repose. A few minor warpings or oscillations in the Penin¬ 
sula ; the c.xtinction of a few species; the migration and 
redistribution of others; some changes in the courses of 
rivers, the degradation of their chamiels a few feet lower, and 
the extension of their deltas; the silting up of the Rann of 
Clutch ; a few great earthquakes ; the eruptions of the Barren 
Island and other minor geological and geographical changes 
are all that the geologist has to notice since the advent of man 
in India. 


BEFEKENCES 

References to the various subjects treated in this chapter have 
been given against each. 


' AneienI Hunters, W. J. Sollas (.Macmillan), 1915. 



CHAPTER XXV. 


PHYSIOGRAPHY 

In the light of what wc have seen of the geological liistory of 
India, a brief re examination of the main physiographic 
features of the country will be of interest. Every geological 
age has its own physiography, and, therefore, the present 
surface features of India are tlu' outcome, in a great measure, 
of the latest chapters of its geological history. 

Physiography is that branch of geology which deals with Principlm of 
the development of the existing contours of the land part of 
the globe. In the main, dry land owes its existence en masse l*.v Ii'Jio. 
to earth-movements, while the present details of topography, 
its scenery and its landscapes, are due to the action of the 
various weathering agents. In the case of elevated or moun¬ 
tainous regions of recent upheaval, the main features are, 
of course, due to hypogenc agimcies ; but in ohl continental 
areas, which have not been Buhje< t to crustal deformation for 
long ages, the epigene forces have br'en the chief agents of 
earth-sculpture. In the latter class of earth-features there is 
no correspondence observable between the external con¬ 
figuration of the regions and their internal geological structure. 

Here the high ground does not correspond to anticlinal, or the 
hollows and depreasions of the surface to synclinal folds. 

The accumulation of the erodeil products derived from the 
degradation of the elevated tracts by the subaerial, meteoric 
agencies in a low, broad zone of lodgment, gives rise to a third 
order of land-forms--tho plains of alluvial accumulation. 

The three physiographic divisions of India afford most 
pertinent illustrations of the main principles of physiography 
stated above. The prominent features of the extra-Peninsula, 
the great mountain border of India, are those due to upheaval 
271 
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of the cruet in late Tertiary times, modified to some extent by 
the denuding agents which have since been operating on 
tlicm; those of the Peninsula are the results of subaerial 
denudation of a long cycle of geological ages, modified in 
some cases by volcanic, and in others by sedimentary accumu¬ 
lations ; while the great plains of India, dividing these two 
regions, owe their formation to sedimentary deposition alone, 
tln^ir persistent flatness being entirely due to the aggrading 
work of the rivers of the Indas-Ganges system. 

Whatever may be the cause of the upward and downward 
movements of the earth’s surface, which have originated the 
hroad features of its relief the great ocean basins, continents 
• and mountains --wln^ther it be the contraction of the earth 
due to its loss of heat, or the disturbance of its isostatic con¬ 
ditions, movements of depression nuist always be in excess of 
elevation. In fact, uplift can only take place on a minor 
scal<^ and only locally, where .any two ailjaeent master-seg¬ 
ments of the earth’s sphere in their subsidence squeeze between 
them, and ridge up an intervening area by the enormous 
tangential thrusts involved in the sinking of the former. 
On this vdew, briefly expre.ssed, the Himalayas have come into 
e.xistence by the compression of the geo,synclinal belt of 
sediments, a comparatively weak zone in the earth’s circum¬ 
ference, between the great plateau of Central Asia and the 
hoist of Gondwanaland. 

The main elements of the physiograidiy of a country 
are five: 

(1) Mountains. (2) Plateaus and Plains. 

(3) V'allcys. (4) Basins. 

(.")) Coast-lines. 

1. MOUNTAINS 

Mountains may be (1) original or tectonic, or (2) subsequent 
or relict. The student already knows that these two types 
characterise the two major divisions of India. Tectonic 
moimtains include (a) aeciunulation-mountains and (6) 
deformation-mountains. Volcanoes, dunes or sand-hills 
and moraines are examples of the former, while momitains 
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produced by the deformation or wrinkling of the earth's 
crust are examples of the tectonic type. In the fatter the 
relief of the land is closely connected with its geological 
structure, i.e. the strike, or trend, of these niountstins is quite 
conformable with their axis of ujJift. They an*, divisible into 
two classes ; (i) folded mountains, ami (ii) dislocation-moun¬ 
tains. Of these, the first are by far tin' most inqMirtant, 
comprising all the great mountain-chains of the earth. Tlie 
Himalayas, as also all the other mountain-.systems of the 
e.xtra-Peninsular area, are of this type. 

The internal strueture of the Himalayas has not been theTlio 
subject of such an ('xhauslive st\nly and investigation as that 
which has .so far unravi'lled tin' inner architecturi' of the Al]is. Hiitmlaya«. 
A great deal of investigation in the central ranges e.s])eciallv 
-the zone of most comph'x llexitn'ji remains to be done, 
before which it is istssible to say anything regarding the 
.structure of thes(? mountains, except in very general ternts. 

The .structure of the outer rangi's is of great sim])licity, 

They are iiutde up of a si'ries of broml .anticlines and staiclines 
of the normal tyj)e, a iiKHlilication of the .lura type of 
mountain-structure. It is a well-i'stablished (diarac.teristic 
of the folds of this part of the Himalayas that the anticlines 
arc, as a rule, faulted steeply in their outer or .southern limbs, 
the faulted scarp lying in juxtaposition with a much yountier 
scries of rocks. This zone is succeeded by a closer, and 
much le.ss symmetrical, sy.stem of fohls and overfolds broken 
asunder by a ttumbiir of reversed faults that have passed into 
thnust-planes. 

These outer ranges are separated by narrow longitudinal 
valleys or depressions called /bow. The revttrsed faults 
mentioned above arc a mo.st characteristic feature in the 
tectonics of the sub-Himalayan ranges. The most prominetit 
of them is known as the Main Houndary Fault, which extends 
along the whole length of the mountain from the Punjab to 
their extremity in the east. We have seen on pages 29 and 
233 the, true nature of the.se faults and the significance attached 
to them by the researches of Middlemiss. 

Many of the ranges in the outer Himalayas, and several 
of the middle Himalayas as well, are of an orthoclinal type of 

W.C.I. «• 
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structure, i.e, they have a steep scarp on the side facing the 
plains and a gentle inclination on the opposite side facing 
Tibet. As we approach closer to the central crystalline axis 
of the mountains, all simplicity disappears; there is no 
longer any correspondence between the strike of the rocks 
and the lineation of the ranges, which depart more and more 
from their internal structure and show repeated branching 
and ramification. The folds become more densely packed 
and overfolds, inversions, and thrust-planes assume an 
increasing degree of intensity. Plutonic intrusions become 
common, increase in magnitude, and .serve to make the 
structure still more complex by the accompanying metamor¬ 
phosis of the surrounding rocks, obliterating all distinction 
between the crystalline and the swlimentary rocks of these 
zones. 

The northern flank of the Himalayas, revealed in the 
gigantic Tilietan escarpments which front the Punjab Hima¬ 
layas, such as those of Spiti, Garlnval and Kumaon, shows 
again a somewhat simpler type of structure, but beyond this 
not much is known regarding their architecture. 

To get an idea of the structru'e of the Himalayas the student 
must study carefully the transverse sections across the Hima¬ 
layas, given in Mem. XXIV. p. 183, 1890, of the Geological 
Survey of India, by Middlemiss, in which the structure of the 
sub-IIimalayan ranges and their relation to the inner moun¬ 
tains are most clearly exiwscd. The sections are reproduced 
on a very much reduced scale in Figs. 28 and 29 of this book. 

Mountain ranges which are the result of one upheaval are 
known as Monogenelic ; those of several successive upheavals 
Poh/genetic. The two outer parallel belts of deposits of the 
Sirinur and Siwalik systems very clearly mark two successive 
phases of uplift subsequent to their deposition. 

The mountain-ranges of Sind-Baluchistan and Burma, to 
the west and the east of the Himalayas, are of a more simple 
geological structure, and, in the succession of normal anti¬ 
clines and synclines of which they are built up, recall the type 
of mountain-structure known as the Appalachian. In the 
former area, especially, the mountains reveal a very simple 
type of topography. Here the hill-ranges are anticlines with 
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intervening svnciines as valleys. The sides of the mountains, 
again, are a succession of dip-slopes. 

In regions of more advanced topography, with greater 
raiidall and a consetpiently greater activity of subaerial 
denudation, e.g. the middle Himalayas, this state of things 
is quite reversed, and the valleys and depre.ssions are carved 
out of anticlinal tops while the more rigid, comjwssed 
synclinal systems of strata .stand out as elevated ground. 

While the broad features of these regions are solely due to 
movements of uplift, the charaeteristie scenery of the 
mountains, the serried lines of range ludiind range, separated 
by deep defiles and valleys, the bewildering number of 
watersheds, peaks and pa.sses and the otlier rugg(Hl features 
which give, to tlie mountains their characteristic relief and 
outline, arc the work of the erialing agents, ])laying on rocks 
of different stnictures and varying hardnesses.' 

Among the moimtains of the extra-Peninsula, the Salt- 
Rangemust be held asaii illustrat ion of a dislocation-motmtain. 

Its orthoclinal outline, i.e. its steep southern scarp and tin' 
long gentle northern slois-, suggests that these mountains are 
the result of a monoeliiial uplift coml'ined with vertical dis¬ 
location along their southern border, which has depressed t he 
other half underneath the ]>lains of India. Similarly the 
Assam ranges at the north-east ]>robably have the same 
origin. These two ranges, at either e.xtreiTiity of the plains 
of India, share matiy commt)n physical fiatunw and are 
somewhat miique in their pliysiogra])hy among the mountain- 
sy.stems of India. 

With the e.'cception of the now deeply eroded Aravalli The 
chain, all the other moimtains of the Peninsula are mere hills ^“j^***"* 
of circumdenudation, the relics of the old high plateaus ofFonimaU. 
South India. The Aravalli region of the present day owes its 
features to an enormous amount of subaerial degradation, 
which has all but levelled down an ancient mountain-chain 

* The extremely ru^ed and eerrated anxict of the lofty central rangcM 
of tibe Himalayan, which are constantly subject to the action of snow and 
kie, contrasts strongly with the comparatively smooth and even r>iitlines 
of the lesser Himalayas. The scenery of the outer Siwalik raiiKt.'s is of a 
different description, the most conspicuous feature in it being a succession 
of cscarpmentH Mid dip-slopes with broad longitudinal, valleys in lietween. 
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into a type of land-form known as Peneplain. The hills south 
of the Vindhyas (with the possible exception of the Satpuras) 
are mere prominences or outliers left standing while the 
surrounding parts liave disappeared in the prolonged denu¬ 
dation which these regions have undergone. Many of these 
“ mountains ” are to be regarded as ridges between two 
opposing drainages. It is this circumstance which, first of 
all, determined their trend and has subsequently tended to 
preserve them as mountains. 

2. THE PLATEAUS AND PLAINS 

Plateaus are elevated plains having an altitude of more 
than 1000 feet. They may be of two kinds ; (1) Plateaus or 
plains of accumulation, whether .sedimentary or volcanic, and 
(2) plateaus and plains of erosion. 

The best example of a plateau of a<'cumulation in India is 
the volcanic plateau of the Deccan, built up of horizontal lava- 
8heets,now dissected into u])hinds, hills,valleys and plains. Its 
e.xtental configuration corresponcLs exactly with the internal 
stnicture, in the flat tablc-tojqied hills and the well-cut 
stair-like hill-sides. 

Plateaus of erosion re.sult. from the denudation of a tectonic 
mountain-oliain to its base-level and its subsequent upheaval. 
In them there is no correspondence at all bet ween the e.xternal 
relief and geological structure. Some parts of Ilajputana 
afford an e.xample of plain of erosion (pene-plain). 

The great plains of the Indus and Ganges are plains of 
sedimentary accumulation. The horizontally stratihed 
alluvium has the simplest geological structure possible, which 
is in {lerfect agreement with their flat-level surface. 

3. VALLEYS 

A valley is any hollow between two elevated tracts through 
which a stream or river flows. Valleys are grouped into two 
classes according to their origin ; 

(1) Tectonic, or Original Valleys. 

(2) Erosion-Valleys. 
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Tectonic valleys are exceptional features in the physio- Valley of 
graphyof a country. They owe their origin (1) to differ-* 
ential raovenicnts within the crust, such as the fornmtion ofralloy. 
spiclines, which may be regarded as the comjdementary 
dejiression between two mountain-chains, or (2) to the. irregular 
heaping-up of volcanic or morainic matter. The valley of 
Kashmir is an instance of tectonic valley, it being a synclinal 
trough enclosed between two contiguous anticlinal lle.xures. 

This asjK'ct is, however, somewhat moditiisl by the, deep 
alluviiun which has tilled up the bottom as well as that which 
rests on the sIojhs) of the bordering imnintains. Some valleys 
also ri'sult from the irregular aecumulalion of volcanic or 
morainic material or of dunes of sand. Valleys which run 
along fault-planes or tLssures in the crust are also tistonic 
valleys, being determined by movements of earth ; e.vamples 
of such “fissure-valleys,” according to some geologists, are 
afforded by the Narbada and Tapli (]>age 17). S\ich valleys 
are of verv rare is'currence. however, though it is ])robablc 
that the deep “ rifts ” of Baluchistan ha ve originated in this 
manner. 

Erosion-Valleys 

With the e.vceptions noted alrove, the great majority of the. V»ltoy»of 
valleys of the Peninsula as w<‘ll as of the extra-Peninsula are 
true erosion-valleys. Thi‘ most prominent chanicter of the 
Himalayan valleys is their transverse course, i.e. they run 
across the strike of the. mountain, in deep gorges or mftows The tran«- 
that the rivers have cut for themselves by the slow, laborious voriwgorges, 
process of vertical corrosion of their beds. The only excej)- 
tions are the head pmtions of the Indits, the Ganges, and a 
few of their principal tributaries, which, for a part, of their 
course, are longitudinal streams and flow parallel to the 
mountain-strike. The cause of this peculiarity of the Hima¬ 
layan system of valleys has already been explained in Chapter 
I., as arising from the situation of the watershed to the north 
of the main axis of uplift of the Himalayas. Hence the zone 
of the highest, snow-capped ranges is deeply trenched by all 
the rivers as they descend from their watershed to the plains 
of India. The “ curve of erosion ” of these valleys, which arc 
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yet in an inunature stage of river-development, is, of courae, 
most irregular and abounds in many inequalities. The most 
conspicuous of these is an abrupt fall of nearly 6000 feet, 
which most rivers have, as they cross from the Central Hima¬ 
layan zone into the Middle Himalayan zone, proving that the 
former zone is one of special uplift. The same valleys, as they 
enter the end-portion of their mountain track—the Siwalik 
zone—cut tlirough the very deposits which they themselves 
laid down at an earlier period of their history. Thus he*(s 
also the apparently paradoxical circumstance is witnessed, 
that “ the rivers are older than the hills which they traverse,” 
which, on equally trustworthy evidences, is true for {he 
whole of the Himalayas. (See Chapter I.) 

The transverse gorges of the Himalayas, which are such 
cliaractcrLstic features of the raomttains, illustrate several 
interesting phases of river-action. In the first place their 
physical configuration in the eastern and western parts of the 
mountains is quite differeiit. In the Kashmir Himalayas the 
upjw'r courses of these .st reams show a series of abrupt alter¬ 
nations of deep precipitous U- or I-sha])ed gorges with broad, 
open V-shaped valleys, the latter always being found above 
the gorge-like jwrtions. In the Eastern Himalayas of Sikkim 
and Ne])al, on tlu! other hand, the valley courses are uniformly 
broad, with gently-sloping sides, and they do not exhibit the 
abrupt changes. This difference, is due to the fact that the 
eastern part is a region of heavy' rainfall, and hence the valley- 
sides arc .subject as much to erosion as the bed of the channel; 
here lateral corrasion is scarcely less marked than the vertical 
or downward cornasion of the bed. In the Western Himalayas, 
on the other hand, the rain full is much smaller. Ei ver-erosion 
is the chief agent of denudation, hence deep defiles are cut out 
of the hard crystalline rocks, and broad V-like valleys from 
the softer clay rocks. The latter yield more readily to river- 
action bccaust! of the absence of any protective covering of 
vegetation. 

The Himalayan valleys are all in an early or immature 
stage of their development; they have been rejuvenated 
again and again with every upheaval of the inner higher 
ranges, hence the varying lithological characters and structuree 
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of the soi&ce over which they How have pven rise to a nutuber 
of waterfalls, cascades, and rapids in their courses. These will 
gradually disappear by the process of head-erosion, and in the 
later stages of vallc)'-growth will be replaced by ravines and 
gorges. The narrow defiles of the Hiinalaj'an valleys arc 
liable to be choked up by various accidental cin'uiustances, 
such as landslips, glaciers, etc., and produce inundations of a 
terrific nature, when the dam is removed. St'veral of these 
^ods are reconled within recent times. ’ Many of the 
Himala)'an valleys have Iwen im)Ktrtant high-roads i>f com¬ 
merce witli Tibet, Cliine.s(‘ Turkestan etc., since vt-ry ancient 
times. 

tltp valleys of the Peninsula offer a striking contra.st to 
those of the extra-Peninsula, for the former have all reached 
the adult stage of their development. The principal valleys 
of the Peninsula arc very broad and shallow, their gradients 
low, and by reason of the levelling proce,ss being in operation 
for a long series of ages, they are near the attainment of their 
base-level. Their curve of erosion is, in tini majorit y of cases, 
a regular curve from the .source to tin; mouth. 

An exception to the above general case is affonled by tin; 
falls of till! Narbada near Jabalpur. Their existence in a 
river channel of such great antiquity is inexiilicable, and 
miLst be ascribed to recent tectonic ilisturbances ())agB 36:!). 

The above remarks only apply to the valleys of the eastern 
drainage. The small but mimeroiLs streams that discharge 
into the Arabian Sea an* all in a youthful state of develop¬ 
ment, lining all actively eroding, torrential streaius. Many 
of them abound m rapids and falls, of which the most famous 
are the Gersoppa Falls on the River Sharavati in the North 
Kanara district, but there are, a number of other less-known 
mstancRS. This greater activity of the westerly flowing 
streams, as compared to the opisisite system of drainage, is, 
of course, due to the former streams having to accomplish 
the same amount of descent to thi; coast as the latter, but 
within a far shorter distance of their watershed. Under such 
state of circumstance a river performs much head-erosion, 
with the result that the watershed goes on continually receding. 

‘Ch«p. I. p. 34. 
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This process will continue till the watershed has receded to 
about the middle of the Peninsula and brought the grade of 
the channels on either side to an approximate equality. 

4 BASINS OR LAKES 

Lakes are larger or smaller depressions on the surface, the 
majority of which arc filled with water, which, according to 
local conditions, may be fresh, brackish or salt. Lakes are 
of importance as regulators of the water-supply of rivers, 
ensuring for them a more or less even volume of water at all 
times and seasons, and preventing sudden iinmdations and 
droughts. Their effect on the hydrography of a coimtry like 
India would be very beneficial. As stated before, in the 
chapter on Phy.sical Features, there are very few lakes in 
India of any considerable magnitude. Hence basins as a 
feature in the physiography of India play but little part. 
The origins of lakes are diverse. The following are a few 
Indian examples: 

(1) Tectonic lakes are due to differential earth-movements, 
some of which are of the nature of .symmetrical troughs, while 
others are due to fracture or suljsidence of the underlying 
strata. The old Pleistocene lakes of Kashmir, whose existence 
is inferred from the Karewa deposits of the present day, were 
ofthistyjjc. 

(2) Volcanic basins. These are crater-lakes or explosion- 
crater lakes. The famous Lonar lake of salt water in the 
Buldana district, Berar, occupies a hollow which is supposed 
to have originated in a violent volcanic explosion—(expfosMW- 
CTiiter). 

(3) Dissolution basins. These arc due to a depression of 
the surface by underground solution of salt-deposits, or of 
soluble rocks like gj-psum and Umestonc. Some of the small 
lakes on the top of the Salt-Range may be due to this circum¬ 
stance, aided by the irregidar heaping of the loess deposits 
on its surface. Some of the Kumaon lakes also are of this 
nature. 

(4) Alluvial basins. These are formed by the uneven 
deposition of sediments in deltas of rivers (Jhils); some lakea 
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•re formed of the deserted loops of rivers (bayeau lakes), etc. 
The present lakes of the Kashmir valley are alluvial basins 
of this iiat»ire, while the Pangkong, Tsoinoriri and the Salt- 
Lake of Ladakh in Kashmir territory are c.xplained by Drew 
to have had a somewhat diiferent origin.' They have bt>en 
■formed by the alluvial fans from the side valleys (the tribu¬ 
taries) crossing the main valley and forming a dam which the 
waters of the main valley were unable to sweep away. A 
number of the lakes of Tibet have also originated in this 
manner, while some are supjxj.sed to have originated by 
differential earth-movements - tectonic basins. 

(5) Aeolian basins are hollows lying among wind-blown 
sand-heaps and dunes. These are small and of temporary 
duration. Some of the Salt -Range lakes arc^ aeolian basins. 

(6) Bock-fall basins are lakes pixaluced by Iandsli}>s or 
land-slides, causing the precipitation of large masses of rock 
across the stream-cour.ses. They are sometimes permanent. 
The small lakes of Rundelkhand are e.vamples. The Ciohana 
lake of (Jarhwal, formed by a huge landslij) acro.ss a tributary 
of the Ganges in 18911, is a recent instance. 

(7) Qlacial lakes. They are oftim prevalent in districts 
which bear the marks of glaciation. In some cases the hollows 
are of glacial erosion (true rock-basins),'"’ in other cases they 
are due to hea))s of morainic debris constituting a barrier 
across glacial streams. Some of the Kiimaon lakes arc ascribed 
the latter origin. Old glacial basins, now converted into 
grassy meadows, and bounded by terminal moraines, are met 
with in front of some of the Himalayan glaciers (which arc now 
retreating). 

The Chilka lake of Orissa and the Pulicat lake of Ncllorc 
are lagoon-like sheets of brackish water which owe their 
origin to the deposition of bars or spUs of sand, drifted up along 
the coast by the action of oblique sea-currents, across the 
mouths of small bays or inlets. 


^ Jammu and Kashmir Territories, I>omloti, 1875. 

^The small lakes and tarns on the Pir Panjal are supposed to lie of this 
description. 
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6. COASTLINES 

The coast-lines of a country are the joint product of epigene 
and hypogene agents. A highly indented coast-line is generally 
due to subsidence, while a recently elevated coast is fronted 
by level plains or platforms, cliffe and raised beaches. 

In old lands, which have not undergone recent alteration 
of level, many of the features are the result of the combined 
marine and subaerial erosion. 

CoMt-linen. The coast-line of India is comparatively uniform and regular, 

and is broken by few indentations of any magnitude. For the 
greater part of its length a sandy and gently-shelving coast- 
strip is washed by a sliallow sea. The proportion of the sea- 
boanl to the mean length of the sides of the Peninsula is very 
small. The western sea-board has, however, a large number of 
shallow lagoons and back-waters all along its length, which 
constitute an important topographic feature of these coasts. 
This coast is exposed to the action of the persistent south-west 
monsoon gales which blow from May to October, and is, there¬ 
fore, subject to a more active erosion by the sea-waves than 
the east coast. The rapidity of the coastal erosion is, however, 
in some measure retarded by the gently shelving nature of 
the sandy shores, and also by the lagoons and back-waters, 
both of which factors help to break the fury of the waves. 
The coasts are fronted by a low submarine plain or platform 
where the sea is scarcely 100 fathoms deep. This “ plain of 
marine denudation ” is much broader on the western coast 
than on the eastern. On both the coasts there are “ raised- 
beaches ” or more or less level strips of coastal detritus, 
situated at a level higher than the level of highest tides. 
This is a proof of a slight recent elevation of the coasts. 
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In the preceding chapters we have dealt with the stratigraphi- 
cal and structural geology of India. It is necessary for the 
student of Indian ^logj' to acquaint himself with the 
various mineral products of the rock-systems of India and 
the economic resources they possess. In the following few 
pages we shall deal with the occurrence, the geological rela¬ 
tions and some facts regarding the production of the most 
important of these products. For foller details as well as 
for statistics, the student must refer to the excellent Quin¬ 
quennial Report.s of the Mineral Production of India, published 
by the Geological Survey of Itidia. The subject is of the 
highest importance, and no little interest, for the student of 
Indian geology, and deserves his most careful attention. 
A knowhidge of the mineral resources ot India, while of 
great value to miners, engineers and architects for their own 
distinct avocations, has a most useful application in the 
commerce and industry, the arts and manufactures of the 
country. 

For our purpose the various useful products which the 
rocks and minerals of India yield, can be classified under the 
following heads ; 


(1) Water. 

(2) Clays, Sands. 

(3) Lime, Cements, etc. 

(4) Building-Stones. 

(5) Coal, Petroleum, etc. 

(6) Metals and Ores. 


(7) Precious and Semi-precious 

Stones. 

(8) Other Economic Minerals 

and Mineral, Products. 

(9) Soils. 
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1. WATEB 

Besides its use for domestic and agricultural purposes, 
water has many important uses in manufacturing and 
engineering operations, and the geologist is often called upon 
to face problems regarding its sources and supply. Porous 
water-bearing strata exist everywhere among the old sedi¬ 
mentary formations as well as among recent alluvial deposits, 
but a knowledge of the geological structure is necessary in 
onlcr to tap these sources with the maximum of efiSciency. 
A large part of the rain that falls in India is speedily 
returned to the sea, only a very small percentage being 
allowed to soak imdenieath the ground. This arises 
from the peculiar mon^oonic conditions of its climate 
which crowds into a few months all the rainfall of the year, 
which rapidly courses down in flooded streams and rivers. 
The small percentage which is retained soaks down and 
saturates the strata to a certain level {level of saiureUion) 
and, after a variable amoiuit of circulation luiderground, issues 
out again, on a suitable outlet being found, whether in the 
form of springs, wells or seepages. In India the great alluvial 
plains of the Indus and Ganges are a great reservoir of such 
stored-up water, and yield any quantity of sweet water by 
Wells, boring to suitable depths below the surface. Wells, the most 
common source of water in India, are merely holes in the 
surface below the line of saturation, in which water accumu- 
Sptings. lates by simple drainage or by percolation. Springs are 
common in the rocky districts where pervious and impervious 
strata are interbedded and inclined or folded; or where a 
set of rocks is traversed by joints, fissures or faults. If a 
porous water-bearing stratum is enclosed between impervious 
strata above and below it, and bent into a trough, conditions 
Arteaian arise for artesian wells when a boring is made reaching the 
water-bearing stratum. Such ideal conditions, however, 
are rarely realised actually, but there are some other ways by 
which less perfect artesian action is possible. The formation 
of an undsrgroimd waterti^t reservoir, either by the em¬ 
bedding of tongues of gravel and sand under impervious 
alluvial clays, the abutting of inclined porous strata against 
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impervious unfissuied rocks by means of faults, or the 
intersecting of large fissures in crystalline rocks, gives rise to 
conditions by which water is held tmdergiound mider a 
sufficient hydrostatic pressure to enable it to flow out when 
an artificial boring is made reaching the w-ater. Artesian 
wells are not of common occurrence in India, nor are conditions 
requisite for their action often met with. The best known 
examples arc those of Quetta along with the Karez already 
referred to (p. 268) in the great gravel slopes (Daman) of 
Baluchistan. Artesian wells are sometimes ]>ossiblc in the 
alluvial districts of North India and in Gujarat,* by the 
embedding of {Kickets of loose gravel or coarse sands in the 
ordinary alluvium. The introd\iction of artesian wells into 
the arid parts of this country, suffering from irn'gular or 
scanty rainfall, would be of great utility for the purposes of 
irrigation, but a knowledge of the geological structure of the 
district is ess<‘ntial before any costly experiment can be 
undertaken in borings. 

Thermal ® and mineral springs occm: in many parts of India, Mmorsl 
especially iit the moimtainous districts like Sind, Assam, Salt- "P""**' 
Range, in the foot-hills of the Himalayas, iti Kashmir, etc. 

Among them are sulphurous (which are the most <'ommon), 
saline, chalybeate, magnesian and other s])rings according 
to the principal mineral content of the waters. Several 
sprbigs of radio-active waters are known. Many merlicinal 
virtues are a.scribed to such sprbigs in Europe. In India no 
such powers are recognised in them, and where, in a few 
cases, they are recognised, no economic benefit is derived 
from them. They are bivestctl with religious sanctity rather 
than cxploitccl for commercial gain. 


' buUnces of succesfirul artesian horingH in Gujarat arc: Navnari, 
Viramnm and Mahi. Artesian wclla also exist in the alluvial tract in 
Fondiwcriy. For additional information on artesian wells in Imlia two 
Vredonburg’s item. 0.8.1. vol. xxxii. pt. 1, ItlOI. 

- There are several thermal springs in the Karakpur hills. One of these, 
the Sitakund, near Monghyr, is well known. At Gangotri, the source of 
the Ganges, there is another well-known spring of hut water. At the boiling 
springs of Manikara (Kulu) people cook their food in the jets of issuing 
water. 



CUuoUy. 


T«n«-oo(ta. 




lUln’t 

Mtth. 


9M msmroiwmk 

1 CLAYS 

Clay, that kind of earth which, when moistened, possessea 
a high degree of tenacity and plasticity, is of great industrial 
use in the making of various kinds of earthenware, tiles, pipes, 
bricks, etc., and when of sufficient purity and fine grain, it is of 
use in the manufacture of glazed pottery and high-grade porce¬ 
lain, for all of which an immense demand exists in the modem 
world.' Pure china-clay, or kaolin, occurs in deposits of 
workable size among the Upper Gondwana rocks of the 
Eajmahal hills of Bengal and in Jabalpur. China clay, which 
has resulted from the decomposition of the felspar of the 
gneisses, occurs in some aggregates in some districts of Madras. 

China clay, which is somewhat impute and coloured buff or 
brown, is known as lerra-coUa, which finds employment in the 
making of unglazcd large-size pottery, statuettes, etc., and to 
some extent for architectural purposes. Terra-cotta clay 
deposits are of more common occurrence in India and Burma 
than pure kaolin. The kaolin (pure china clay) deposits of 
the Kajmahal hills at Colgong (Pattarghatta) are of much 
interest, both as regards the quantity available and the purity 
of the material, for the manufacture of very superior grades 
of porcelain.® Similar deposits, though on a more restricted 
scale, arc foimd in Bhagalpur and in Gaya. 

Fire-clay is clay from which most of the iron and salts of 
potassium and sodium are removed, and which, therefore, 
can stand the heat of furnaces without fusing. Fire-clay 
from which fire-bricks of high refractory quality can be manu¬ 
factured occurs in beds at the westeni side of the Eajmahal 
hills. It also occurs as underclays in the Gondwana coal- 
measures and associated with other coal-bearing series. 
Besides these localities, fire-clay of texture and refiractorlnesa 
suitable for the manufacture of furnace-bricks is obtained 
from a munber of localities in the Central Provinces, Bengal^ 
etc., where its deposits are of fairly wide distribution. 

Puller’s earth is a kind of white, grey or yellow coloured 
clay. It has a high absorbent' power for many substances, 

‘ CU^t thtir Oceurrtnee, Properties and Uses^ H. Beis, 1906. 

*H. Stuftrt, Rec, Q.SJ, vol. xxxriii. pt. 2, 1909. 
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tta reason it is used for washing and cleaning purposes. 
It is found, among many other places, in the Lower Vindhyan 
rocks of Jabalpur district (Katiii). It is also obtained from 
the Eocene rocks of Jaisalmer and Bikaner in Rajputana. 
where it is quarried and sold mtder the name of MuUani 
ffuttee. 

Ordinary alluvial clay, mixed with sand and containing a 
certain proportion of iron, is used for brick-making and crude 
earthen pottery. Pine-grained clay, mixed with fine sand, 
is used in tile-making. Mangalore, together with some sur¬ 
rounding places, is the home of a flourishing tile industry, 
where tiles of all sorts and suitable for paving, roofing and 
ceiling are manufactured. 


SANDS 

Pure quartz-sand, free from all iron impurities and possess¬ 
ing a uniform grain and texture, is of economic value in the 
manufacture ot glass. Such sands are rare in India, and the 
country is, therefore, poor in materials for glass-making on a 
large industrial scale. Ordinary white sand is used in India 
for the manufacture of inferior varieties of glass, such as 
bangles, bottles, lamp-chinuieys, etc. Articles of better Olsn-nne 
quality are manufactured out of crushed quartz at Talegaon 
(Poona), Jabalpur, and at Ambala. 

Common river sands are used in mortar-making. Recent 
calcareous sands, consisting mostly of shells of foraminifera, 
have consolidated into a kind of coarsely-bedded freestone 
at some places on the west coast of the Arabian Sea—Por- 
bunder stone (Miliolite). (Sec Magnetite sand, Monazite 
sand, (Jem sand, etc.) 

3. LIME, qEMENTB, Etc. 

lime for mortar-making is obtained by burning limestone, 
for which most kinds of limestones occurring in the various* 
geological systems of India are suitable, but some are especially 
good for the purpose. lime, when mixed with water and sand, 
is called mortar, which, when it loses its water and absorbs Mortsr. 
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carbonic acid gas from air, “ sets ” or hardens, hence its use 
as a binding or cementing material. In the plains of India, 
the only available source of lime is “ Kankar,” which occurs 
plentifully as irregular concretions disseminated in the clays. 
The clay admixture in Kankar is often in sufficient proportion 
to produce on burning a hydraulic lime. Travertine or calc- 
tufa, sea-shells, recent coral limestones, etc., are also drawn 
upon for the kiln, where a suitable source of these exists. When 
limestone containing argillaceous matter in a certain pro- 
Cement. prtion is bunit, the resulting product is cement, in which an 
altogether different chemical action takes place when mi.xed 
with water. The burning of limestone (CaCOj) and clay 
(AljO.,, SiOj, aHjO) together resiilts in the formation of a 
new chemical compound—silicate and aluininate of lime— 
which is again acted upon chemically when water is added, 
hardening it into a dense compact mass. For cement-making, 
either some suitable clayey limestone is used or the two in¬ 
gredients, limestone and clay, are artificially mixed together 
in proper proportion. The former is blown as Koman Cement, 
the latter as Portland Cement. The occurrence of enormous 
masses of pure nummulitic and other limestones in the 
Punjab, in association with clays and shales, offers favourable 
conditions for cement manufacture in that province. Natural 
cement-stones of suitable composition exist in some parts of 
India. Kankar also may be regarded as one of them. 

There are a few centres for lime and cement production in 
India on an industrial scale ; the chief of these arc : Katni, 
near Jabalpur, which derives its raw material from the Lower 
Vindhyan series ; Sutna, in the Rewa State, which has its 
supply from the Upper Vindhyan ; Sylhet, from the nummu¬ 
litic limestone of the Assam range; Gaitgpur, in Bengal, 
which derives its material partly from the Vindhyan limestones 
and partly from Kankar. The cement works of the Shahabad 
district, Bengal, also obtain their limestone from the Vin¬ 
dhyan (Bohtas) limestone. Materials for cement manufacture 
"are found in the Punjab in the Rewari district, parts of the 
Salt-Range, Hazara, Outer Himalayas, etc. 
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4. BTJXLDINO-8TON1I8 

Rocks are quarried largely for use aa building-stones.* 

Not all rocks, however, are suitable for this purpose, since 
several indispensable qualities are required in a building- 
stone which are satisfied by but a few of the rocks from 
among the geological formations of a country, liocks that 
can stand the ravages of time and weather, those that 
possess the requisite strength, an attractive colour and 
appearance, and those that can receive dressing—whether 
ordinary or ornamental—without much cost or labour, are 
the most valuable. Susceptibility to weather is an important 
factor, and very costly experiments have been made to judge 
of the, merits of a particular stone in this respect. 

With this view the architects of new Delhi, who require a 
most extensive range of materials for a variety of purposes, 
buildmg aa well as architectural, invitwl the opinion of the 
Geological Survey of India in nfgard to the suitability of the 
various building and oniamental stones quarried in the 
neighboiuing areas of Hajputana and Central India. A 
special officer of the Survey was deputed to advise on the 
matter after an examination of the various quarries that are 
being worked in these provinces. 

In northern India, the ready accessibility of brick-making 
materials in unlimited quantities has rendered the use of 
stone in private as well as public buildings subordinate. 
Excellent material, however, exists, and in quantities suffi¬ 
cient for any demand, in a number of the rock-systems of 
the country, whose resources in roc^ks like granites, marbles, 
limestones and sandstones are scarcely utilised to their full 
extent. An enumeration of even the chief and the more 
prised varieties of these would form a catalc^e too long for 
our purpose. 

Granite, or what passes by that name, coarsely foliated Oreoitos. 
gneiss, forms very desirable building-stones, very durable 
uid.of an ornamental nature. These rocks, by reason of their 
luossive nature and homogeneous grain, are eminently adapted 
for monumental and architectural work as well as for massive 
‘ Shmetfor BuSding and DecomtiM, G. P. Merrill, 1010. 

W.O.I. t 
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masonries. Its wide range in colour and appearance—^white, 
pink, red, grey, black, etc.—renders the stone highly ornamental 
and effective for a variety of decorative uses. The char- 
nockites of Madras, the Arcot gneiss, Bangalore gneiss, the 
porphyries of Seringapatam, and many other varieties of 
granite obtained from the various districts of the Peninsula 
are very attractive examples. Its durability is such that 
the numerous ancient temples and monuments of South 
India, built of granite, stand to-day almost intact after 
centuries of wear, and to all appearance are yet good for 
centuries to come. From their wide prevalence, forming nearly 
three-fourths of the surface of the Peninsula, the Archaean 
gneisses form an inexliaustible source of good building and 
architectural material.' 

LimestoncB. Limestones occur in many formations, some of which are 
entirely composed of them. All of them, however, are not fit 
for building purposes, though many of them are burnt for lime. 
In the Cuddapah, Bijawar and Aravalli groups limestones 
attain considerable development, some of them of great 
beauty and strength. They have been largely drawn upon 
in the construction of many of the noted monuments of the 
past in all parts of India. Vindhyau limestones are extensively 
quarried, as already referred to, in Central India and else¬ 
where, and form a valued source for lime and cement, as well 
as building-stone. The Gondwanas are barren of calcareous 
rocks, but the small exposures of the Bagh and Trichinopoly 
Cretaceous include excellent limestones, sometimes even of 
an ornamental description. The nummulitic limratones of 
the extra-Peninsular districts ate an enormous repository of 
pure limestone, and when accessible arc in great requisition for 
burning, building, as well as road-making purposes. 

Marbles. The marble-deposits of India are fairly wide-spread and 
of large extent. The principal source of the marbles of 

' In connection with the building of the Alexandra docks at Bombay, a 
series of tests on Indian granites was undertaken. These have proved that 
the granites from South Indian ^uarriee are eqn^ to or better than Aberdeioi, 
Cornish or Norwegian granttee in respect of compressive strength, resistance 
to abrasion, absorption of water, and freedom from voids. The verdict of 
the various experts consulted was aUx^ether favourable to the use of Indian 
granites for purges for which imported granites alone were considered 
suitable. Indian Granites,’' Bonmy Pori Trust Papers, 1905.) 
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India is the crystalline formation of Kajputana—the Araraili 
series. Marble quarries are worked at Mekrana (Jodhpur), 
Kharwa (Ajmer), Maundla and Bhainslana (Jaipur), Dadikar 
(Alwar), and some other places, from which marbles of 
many varieties of colour and grain, including the beautiful 
chaste white variety of which the Taj Mahal is built, are 
obtained. It was the accessibility of this store of material of 
unsurpassed beauty which, no doubt, gave such a stimulus 
to the Mogul taste for architecture in the seventeenth 
century. 

A saccharoidal dolomitic marble occurs in a large outcrop 
near Jabalpur, where it is traversed by the Narbada gorge. 
The famous quarries of Mekrana sup])ly white, grey and pink 
marbles; a handsome i)ink marble comes from Narbada in 
the Kishengarh State. Jaisalmer in Kajputana sujiplics a 
yellow shelly marble, while a lovely green and mottled marble 
of luisurpassable beauty is obtaiiu'd fn)m Motipura, fwm an 
exposure of the Aravalli rocks in the Baroda St ate. A mottled 
rose or pink marble is foimd in the same locality and also in 
one or two places in the Aravalli series of Kajputana and of the 
Narsingpur district of the Central Provinces. The Kharwa 
quarries of Ajmere produce green and yellow-coloured marbles. 
Black or dark-coloured niarbk-s come from Mekrana and from 
the Kishengarh State, though their occurrence is on a more 
limited scale than the lighter varieties. A dense black marble, 
capable of taking an exquisite j)olish, largely employed in the 
ancient buildings of Delhi, Agra and Kashmir, with highly 
oniamental effect, is furnished by some quarries in the Jaipur 
State. Coarsc-grauicd marbles are, more suitable for archi¬ 
tectural and monumental uses; it is the coarseness of the 
•grain which is the cause of the great durability of marble 
against meteoric weathering. The fine-grained, purest, 
white marbles are reserved for statuary use, for which no 
other varieties can be of service. 

It is a most regrettable fact, however, that the above-noted 
deposits of Indian marbles do not find any market to encour¬ 
age their systematic quarrying. There is no coiuiiderable 
demand for indigenous marbles in India, nor do focilities 
exist for their export to foreign countries. The deposits, 



292 GEOlbCfr or IKDIA 

therefore, have to wait the demand of a more thriving and 
more aesthetic population in the future. 

A fine collection of Indian marbles, representing the prinqipal 
varieties, is to be seen in the Indian Museum, Calcutta. 

Seipentine. Serpentine forms large deposits in the Arakan range of 
Burma and also in Baluchistan. It occurs as an alteration- 
product of the basic and ultra-basic intrusions of Cretaceous 
and Miocene ages. From its softness and liability to weather 
on exposure it is of no use foi' outdoor architectural purposes, 
but serpentines of attractive colour are employed in internal 
decorations of buildings, and the manufacture of vases, 
statuary, etc. Serpentinous marble (Verde antique) is rare in 
India. 

Sandstones, Tlie Vindhyaii and, to a lesser extent, the Gondwana 
formations afford sandstones admirably suited for building 
Vindhysn works. The most pre-eminent among them are the Upper 
sandstones, sandstones, which have been put to an almost 

inconceivable number of uses. From the rude stone-knives 
and scrapers of the palaeolithic man to the railway telegraph 
boards, and the exquisitely-carved monoliths of bis present- 
day successor, these sandstones have supplied for man’s 
service an infinity of uses. It is the most widely quarried 
stone in India, and being both a freestone as well as a flag¬ 
stone, it can yield, according to the portion selected, both 
gigantic blocks for pfllars from one part, and thin, slate-like 
slabs for paving and roofing from another part. 

Dr. V. Ball,* in writing about Vindhyan sandstones, says, 

“ The difficulty in writing of the uses to which these rocks 
have been put is not in finding examples, but in selecting 
from the numerous ancient and modem buildings which 
crowd the cities of the United Provinces, and the Ganges* 
valley generally, and in which the stone-cutter’s art is seen 
in the highest perfection.” Some of the Vindhyan sand¬ 
stones are so homogeneous and soft that they are capable of 
receiving a most elaborate carving and filigree work. 

Gondwsns Another formation possessing resources in building-stones 
aaudatonM. quality is the Upper Gondwana, which has contributed 

a great store of building-stone to Orissa and Chanda. 'The 
»Oeolojy of India, vol. iii. 1881. 



bmoiu temples of Pori and the other riohlf' ornamented 
boddings of these districta ate constructed of Upper Gondwana 
sandstones. 

The Jurassic (Umia) sandstone of Dhraiigadhra and the 
Cretaceous sandstone underlyuig the Bagh beds of Gujarat 
(Songir sandstones) furnish Gujarat with a very handsome 
and durable stone for its important public and private 
buildings. 

Among the Tertiary sandstones, a few possess the qualities 
requisite in a building-stone, e.g. the Murtee sandstones ; but 
the younger Siwalik sandstones are too unconsolidated and 
incoherent to be fit for employment in building-work. 

Quartzites are too hard to work and have a fracture and Qu»rtrit««, 
grain unsuitable for dressing into blocks. Uterites, ct 

Lateriths of South India are put to use in building-works, 
from the facility with which they are cut into bricks or 
blocks when freshly quarrieci. 

Slates for paving and roofing are not of eominon occurrence Slstsu. 
in India, except in some mountainous areas, e.g. at Kaiigra 
in the Himalayas and Rewari in the Aravallis. When the 
cleavage is finely developed and regular, thus enabling them to 
be split into thin even plates, the slates are used for roofing ; 
when the cleavage is not so fine, the slates are used for paving. 

True cleavage-slates arc rare in India; what generally are 
called slates are cither phyllites or eompacte<l shales in which 
the planes of splitting are not cleavage-planes. 

The chief slate-quarries of India are those of Kangra, in the 
Kangra district; Rewari, in the Gurgaon district; and 
Kharakpur hills, in the Monghyr district. 

Besides the foregoing examples of the building-stones of Trap*. 
India, a few other varieties arc also employed as such when 
readily available and where a sufficioit quantity exists. Of 
these the most important are the basalts of the Deccan, which, 
from their prevalence over a wide region of Western India, 
are used by the Railways and Public Works Department for 
their buildings, bridges, the permanent way, etc. The traps 
furnish an easily workable and durable stone of great strength, 
but its dull, subdued colour does not recommend it to popular 
favour. 
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6. OOAL^ 

Coal is the most important of the mineral products raised 
in India. Within the last thirty years India has become an 
important coal-producing country, the annual production 
now nearly supplying her own internal consumption. The 
yearly output from the Indian mines has risen to over 
16,000,000 tons, valued at Rs. 60,000,000. Of this output, 
by far the largest portion—91'5 %—is derived from the coal¬ 
fields of Bengal, Bihar and Orissa ; about 3’5 % from the 
Singareni field of the Haiderabad State ; about 1‘5% from 
the Central Provinces mines, and 1 % from the Umaria field 
of Central India. This gives a total of 97‘6 % for the produc¬ 
tion of coal from the Peninsula. In its geological relations 
the coal of the Peninsula is entirely restricted to the Damuda 
series of the Lower Gondwana system. The remainder of the 
coal raised in India comes from the Lower Tertiary, Eocene, 
or Miocene rocks of the extra-Peninsula, viz. Assam (Makum), 
Salt-Range (Dandot), Baluchistan (Khost) and Bikaner 
(Palana). Of these, the Assam production is the m<»t im¬ 
portant and promising for the future; it averages nearly 2 % 
of the total Indian produce, while it also approaches Gondwana 
coal in its quality as a fuel. 

The following table shows the relative importance of the 
various coal-fields of India, with their yearly output in 
round numbers: 


Gondwana Coal 


Bengal, Behar, and Orissa. 


Tom. 

1. Raniganj - 

- 

- 

- 5,000,000 

2. Jherria 

- 

- 

- 9,000,000 

3. Giridih 

- 

- 

- 830,000 

4. Daltonganj 

- 

- 

85,000 

Central India. 

1. Umaria - 

- 

- 

- 150,000 


^ The Coalfields of India,*' Mem. Q.8J, to!. xU. pt. ], 1913. 
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Oantral Provineet. 


Tana. 

1. Bellarpur 


90,000 

2. Pench Valley 

- 

96,000 

3. Mohpani 

- 

60,000 

Haidsrabad. 

1. Singareni 

- 

- 552,000 

Tertiary Coal. 

1. Assam (Makum) - 

. 

- 300,000 

2. Baluchistan (Khost) 

- 

15,000 

3. Salt-Range (Dandot) 

- 

50.000 

•1. Bikaner (Palana) 

- 

18,000 


Coal in workable quantity exists in the Korea State,' Central 
Provinces. Some widely distributed, though tbin. Tertiary 
coal-seams have been proved to have existed for a long time in 
the Riasi district, of Jammu." Rut on account of the friable 
nature of the coal and its great distance from the railway 
its development is not considered remunerative at present. 

In general, the Gondwana coal is a laminated bitummous 
coal in which dull and bright layers alternate. Anthracite, 
t.e. coal in which the percentage of carbon is more tlmn !X), 
and from which the volatile comjioiuids are totally eliminated, 
is not fomid in India. The volatile compounds and ash are, 
as a rule, present in too large a proportion to allow the carbon 
percentage to rise above 55 to fiO, generally much less than 
that. Moisture is absent from the coal of the Gondwana 
fields, but sulphur and phosphorus are. present in variable 
quantities in the coals of the different parts of the Peninsula. 

It is probable that a large extent of coal-bearing Gondwana 
rocks lies hidden underneath the great pile of lavas of the 
Deccan trap. At several places, chiefly in the Satpuras, the 
denudation of the latter have exposed coal-bearing Gondwana 
strata, from which it is reasonable to infer that considerable 
quantities of the valuable fuel are buried under the formation 
in this and more westerly parts. Of the coal of .younger age, 
worked from the extra-Peninsula, Assam coal is of a high grade 

' Feimor, Mm. O.S.I. vol. xli. pt. 2, 1914. 

•Simpson. Mem. O.S.I. vol. Jtxxii. pt. 2. 1904. 



as fbel, while that o;f the Punjab has a lower percentage of 
fixed carbon. In the former it rises to as much as 53 %, m the 
latter it never goes beyond 40 %. The latter coal is also more 
bituminous, friable and pyiitous, and contains much moisture. 
The two last qualities make it liable to disintegration on 
exposure, and even to spontaneous combustion. With regard 
to its geological relations, the extra-Peninsular coal is princi¬ 
pally restricted to the Laki horizon, at the base of the Kirthar 
or Numraulitic limestone series, though some of the richest 
coal-seams of Assam belong to strata of younger age (Miocene). 
The Tertiary coal of Palana (Bikaner) is, properly speaking, 
a lignite (brown coal), though belonging to the same geological 
horizon as the coal of the Salt-Bangc. A small quantity of 
the coal of Assam is of Cretaceous age, while a few thin seams 
of brown coal occur in the Jurassic strata of Cutch, and also 
in the Mianwali district (Kalabagh), in the North-West 
Frontier Provinces. None of these, however, are capable of 
supporting systematic mining operations, the total quantity 
of available coal being small. 

PEAT 

True peat, i.e. the first step in the mineralisation of vegetable 
matter entombed in the strata of the earth, is a deposit peculiar 
to temperate climates, and hence its occurrence in India is 
confined to a few places of high elevation above the, sea. 
True peat is fomid on the Nilgiri mountains in a few peat¬ 
bogs lying in depressions composed of the remains of 
Bryophyta (mosses). In the delta of the Ganges, there 
are a few layers of peat composed of forest vegetation and 
rice plants. In the numerous Jhik of this delta peat is 
in process of formation at the present day and is used as a 
manure by the people. Peat also occurs in the Kashmir 
valley in a few patches in the alluvium of the Jhelum ; it is 
there composed of the dfibris of several kinds of aquatic vege¬ 
tation, grasses, sedges and rushes. Similar deposits of peat 
arc in course of formation in the valley of Nepal. The chief 
use of peat is as a fuel, after cutting and drying. It is also 
employed as a manure. 




PETBOLXDH 

The ocmirreuce of petroleum in India is restricted to the OecumsM 
extra-Peninsula, where a petroliferous horizon occurs in the 
Pegu series of Middle Tertiary age in Burma and Assam on 
the east and the northern districts of the Punjab and Baluchis¬ 
tan on the west. In the latter area, however, except in one 
or two instances, the geological structure is not so well suited 
to the storing and retention of the oil in natural underground 
reservoirs as is the case mth Burma and Assam, and hence 
their produce is insignificant up to now. In Burma * there 
is a series of low, broad anticlines or domes of porous oil¬ 
bearing strata of sand inter-bedded with impervious clays 
which have given ri.se to the, most perfect conditions for the 
underground storing of oil. The most productive oil-tields of 
Burma are those situated in the Irrawaddy basin, along a 
belt stretchmg from the Magwe district to Pakokku. The 
most important of these fields are ; the Yenangyaung, in the 
Magwe district, which yields nearly 200,000,000 gallons a 
year; Singu, ui the Myingam district, 60,000,000 gallons; 
Yenangj’at, Pakokku district, 5,000,000 gallons; Minbu, 
district of Minbu, 3,000,000 gallons. The other province in 
India tliat produces petroleum on a commercial scale is Assam. 

The oil resources of Assam arc centre<l in the liakhimpur 
district, where an important ix'troleum-bearing horizon occurs 
assrysiated with the Miocene coal-measures of Makum. Digboi 
is the chief centre. The anmwl yield has, in recent years, 
come up to 4,500,000 gallons. 

Oil-springs have b«;en known to exist in the Bawal- 
pindi, Attock, and other frontier districts of the Pmijab for 
many years, and attempts have been matle to e.xploit the oil, 
but until lately they were unsuccessful. Very recently the 
structure of an oil-bearing area, near Pindi Gheb, in the Attock 
district, to the north of the Salt-Range, has been proved to 
be favourable, and a promismg yield of oil is calculaUid on. 

In the refining of crude petroleum, i.e. the oil as obtained 
from the oil-springs or wells, various kinds of oik and greases 
are produced, together with a chain of bye-produots of high 

■ Pucoe, “The OU-fidds of Banns," ilfem. O.S.I. to). xI. pt. 1,1911. 
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commeicitd utility, e.g. petrol, benzene, fuel-oils, lubricatin 
oils, kerosene and other illuminating oils, grease, parafSn-wa 
(for candles), vaseline, and a number of othet minor productf 

Natural gas (chiefly marsh gas with some other gaseou 
hydro-carbons) is present in enormous volume associate* 
with the petroleum deposits, and escapes with great fore 
when a boring is made. Natural gas has no industrial appli 
cation in India, but in other countries it is stored and ii 
piped to long distances for use as fuel in factories and fo: 
heating and lighting purposes in cities. 

6. METALS AND ORES 

India contains ores of manganese, iron, gold, aluminium, 
lead, copper, tungsten, tin, chromium, and a few other metals 
in minor quantities, a.ssociatcd with the crystalline and older 
rocks of the country. In the majority of the cases, however, 
the ore Iwdies are worked, not for the extraction of the metals 
contained in them, but for the, purpose of exporting the ores as 
such in the raw condition, since no smelting or metallurgical 
operations arc carried on in the country at the present time. 
For this reason the economic value of the ores realised by the 
Indian miners is barely half the real market-value, because 
of the heavy cost of transport they have to bear in supplying 
ores to the European manufacturer at rat(!s current in the 
latter’s country. The absence of metallurgical enterprise in 
this country at the present day has led to a total neglect of 
its ore-deposits, e.xcept only those whose export in the raw 
condition is paying. This is a serious drawback in the develop¬ 
ment of the mineral resources of India, the cause for which lies 
in the present imperfect and undeveloped state of the country’s 
industrie.s. Sir T. H. Holland, in his review of the mineral 
' production of India, pointed out in 1908 that the “ principal 
reason for the neglect of the metalliferous minerals is the 
fact that in modern metallurgical and chemical developments 
the bye-product has come to be a serious and indispensable 
item in the sources of profit, and the failure to use the bye- 
product necessarily involves neglect of minerals that will 
not pay to work for the metal alone. Copper-sulphide ores 
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are conspicuous examples of the kind; many of the most 
profitable copper mines of the world would not be worked 
but for the demand for sulphuric acid manufacture, and for 
sulphuric acid there would be no demand but for a string of 
other chemical industries in which it is usihI. A country like 
India must be content, therefore, to pay the tax of imports 
until industries arise demanding a sufficient number of 
chemical products to complete an economic cycle, for chemical 
and metallurgical industries are essentially gregarimw in their 
habits.” Many of the ore-deposits of India, although of no 
economic value under the conditions ])rcvniling at the present 
day, arc likely to become so at a future day when improved 
methods of treatment and better industrial conditions of the 
country may render the extraction of the metals more profit¬ 
able. From this consideration the large yearly exports of 
such ores as mangam’sc out of India arc doubly harmful to 
the interests of the cmmtry. 

Oold. 

(Jold occurs in India, both as native gold, associated with Occiirtence. 
quartz-veins or reefs, and as alluvial or detrital gold in the 
sands and gravels of a largo ivuinlujt of rivers. The principal 
sources of the precious metal in India, however, are the 
quartz-reefs traversing the Dharwar rocks of Kolar district 
(Mysore State), which are. auriferous at a few places.* The 
auriferous lodes of the Kolar goldfields are containMl in the 
above-mentionwl quartz-veins, which nm parallel to one 
another in a north-south direction in a belt of hornblende- 
schists. The most productive of these is a single quartz-vein, 
about four feet thick, wliich bears gold in minute particles. 

The gold is obtained by crushing and milling the quartz, 
allowing the crushed ore mixed with water to run over 
mercury-plated copper boards. The greatest part of the 
gold is thus dissolved by amalgamation. The small residue 
that has escaped with the slime is extracted by the cyanide 
process of dissolving gold. 

The annual yield of gold from the Kolar fields is nearly Production 
660,000 ozs., valued at more than £2,000,000. Next to Kolar, ’'“”•*<’1^ 
• “Kolur Gold-Field,” Mem. G.S.I. vol. xxxiii. pt. 1, 1901. 



but far below it in pioduotiveneisg, is tbe Hutti gold-field of 
the Nizam’s dominions, which is also worked from a similar' 
outcrop of Dharwar schisto. It produced 21,000 ozs. of gold 
in 1914. A few quartz-veins traversing a band of chloritic 
and argillaceous schists, also of Dharwar age, support the 
Anantpur field of Madras, whose yield in 1915 approached 
24,000 ozs. At some other places in the Peninsula, besides 
those named above, the formpr existence of gold is revealed 
by many signs of ancient gold-working in diggings, heaps of 
crushed quartz, and stone-mortars, which have (as has often 
happened in India with regard to other metalliferous deposits) 
guided the attention of the present workers to the existence 
of gold. 

Alluvial gold. The distribution of alluvial gold in India is much wider. 

Many of the rivers draining the crystalline and metamorphic 
tracts in India and Burma arc reputed to have auriferous 
sands, but only a few of them contaui gold in a sufficient 
quantity to pay any commercial attempt for its extraction. 
The only instance of successful exploitation of this kind is 
the dredging of the upper Irrawaddy valley for the gold- 
bearing gi'avel at its bed. In this way some 5000 to 6000 
ozs. of gold is won a year. Alluvial gold-\s'ashing is carried 
on in the sands and gravels of many of the rivers of the 
Central Provinces, and in the ludiw valley at Ladakh, Balti- 
stan, Attock, etc., but none of them are of any richness com¬ 
parable to the above instance. The quantity won by the 
indigent workers is just enough to give them their day’s wages. 

Copper. 

Ooourrenoe. Copper occurs in some districts of India—Singhbhum, Chota 

Nagpur, etc.; in Rajputana—Ajmere, Khetri, Alwar, 
Udaipur, and at several places in the Outer Himalayas, in 
Sikkim, Kulu, Gharwal, etc. But the only deposits worked 
with some degree of success are those of the Singhbhum dis¬ 
trict, which vield a variable quantity of ores from 7000 to 9000 
tons per year, valued at from Es. 50,000 to Rs. 225,000. 
The enormous annual consumption of copper in India, there¬ 
fore, is wholly met by imports from foreign countries, valued 
at over £2,000,000 per year. There was a flourishing indigenous 
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copper-industry in India in former yean, producing large 
quantities of copper and bronze from the Rajputana mines. 

At many places there are found evidences of extensive copper- 
mining operations in the past, some 2000 years ago, ii\ the 
form of slag-heaps and refuse “ copjx'r-workings.” Important 
copper-mines existeil in Ajmere and in Khetri (in the Jaipur 
State), from which large quantities of copper have l)een 
extracted within historic times. 

The copper ores of Central India occur as veins or as dis¬ 
seminations in the Dharwar schists and phyllitcs. In a great 
number of cases, however, the ore occurs in too scattered a 
condition to be worth working; it is only rarely that local 
concentration has produced workable lodes or veins. The 
most common ore is the suljdxide, chalcopyrile, which by 
surface-alteration jiasses into malachite, azurite, cuprite, etc. 

Native copper occurs at some places in South India. In 
Ka.shmir large isolated ma.sse.s of ]mre native copixer have 
been found in the bed of the Zanskar river, but their souri'o 
is unknown. They occur there, as water-worn nodules, 
weighing up to 22 lbs. 

The copner dejxxsits of Sikkim have attracteil much atten- (toiiper o™ 
tion of late.' In this State valuable lodes of the metal are “* 
proved to exist in association with compounds of bismuth 
and antimony, together with ores like pyrrhotite, blende 
and galena. With regard to the geological relation and mode, of 
origin, the Sikkim deposits are similar to those of Singhbhura. 

The former arc also assotdated with schists and gneiss of the 
Dalmg series, which are the Himalayan reprcsentativc-s of 
Dharwars. In both cases again the mode of origin of the 
ore bodies is the same, viz. they have resulted from the 
metasomatic replacement of the country-rock by copper- 
bearing solutions derivcxl fronx granite and other intrusions 
associated with the Dharwar rocks of South India or the 
Dalings of Sikkim. 

Iron. 

Iron occurs on a large scale in India, chiefly in the form of Oocturenoe. 
the oxides : haematite and nxagnetite. It prevails especially 
> H. H. Hayden, Rte.OS.l. vol. xui. pt. 1.11)04. 
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in the Peninsula, where the crystalline and schistose rocks of 
the Dharwar and Cuddapah systems enclose at some places 
ferruginous deposits of an extraordinary magnitude. Among 
these, massive outcrops of magnetite and haematite of the 
dimensions of whole hills are not unknown. But the most 
common mode of occurrence of iron is as haematite-and- 
magnetite-quartz-schists, the metamorphosed products of 
original ferruginous sands and clays. 

The Damuda series of Bengal holds valuable deposits of 
bedded or precipitated iron ore in the ironstone shales. Some 
iron ore is enclosed in the Upper Gondwana hacmatitic shales. 
The Deccan Traps, on weathering, liberate large concentrates 
of magnetite sands on long stretches of the sea-coast. Iron 
is a prominent constituent of laterite, and in some varieties 
the concentration of limonite or haematite has reached so 
high that the rock is smelted for iron. Iti the Himalayas, 
likewise, there occur large local deposits of this metal in the 
Parana formations. 

No great economic interest, however, attaches to many of 
these dopasits of iron ore, especially those associated with the 
quartz-schists, since, when it occurs under such conditions, 
the ore is too much mixed with silica to be of much value. 
Some discoveries have been made of late, how'ever, of high- 
grade iron ore in the Mayurbhanj State of Bengal and in the 
Central Provinces (Raipur district), and some other parts 
(Bababudan hills, Jh’sorc State). The only deposits that 
are profitably worked at the present- day are the ironstone 
shales of Burdwan, the high-grade ores of Mavurbhanj, 
Singhbhum and Manbhum, and to a less extent those of 
the Central Provinces. The aggregate produce of iron in 
1915 reached 242,000 tons of pig-iron and 76,000 tons of 
steel. 

Iron seems to have been- worked on an extensive scale in 
the past, as is evident from the widely scattered slag-heaps 
which are to bo seen in almost every part of South India. 
The iron extracted was of high quality and was in much 
demand in distant parts of the world. The fame of the 
ancient Indian steel, IFoote—s very superior land of steel 
exported to Europe, in days before the Christian era, for the 
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manufacture of swords'and other weapons—testifies to the 
metallurgical skill of the early workers. 

Every year India imports iron and steel materials (hard¬ 
ware, machinery, railway plant, bars and sheets, etc.) to the 
value of nearly £26,000,000. 

A list of localities which contain the most noted dejwsits of Diatribution. 
iron ore will be interesting. 

In the Madras Presidency tin? most imi)ortant depwits are 
those of Salem, Madura, Mysore (Bababudan hills), Cuddapah 
aiulKamul, while Singhbhum, Manl)hum, Burdwan,.Sambali)ur 
and Jlayutbhanj are the iron-producing distriets of Bengal, 

Behar and Orissa. In Bengal i)roi)er, the Damuda ironstone 
shales contain a great store of metallie wealth, which has 
been profitably worked for a long time, Ijoth on account of 
its intrinsic richness as well as for its in'arness to the chief 
source of fuel. In .lUsam also iron occurs with coal. In the 
Central Provinces the most remarkable iron deimsit is that 
of the Chanda district, where tln'ie is a hill 250 feet high, 
Khandoshwar by name, the entire body of which is iron ore. 

Jabalpur and Bhilaspur have likewise large, aggregates. In 
Bombay the chief source of iron Ls lat e.rite. and the magnet ite- 
sands of rivers draining the traj) di.»tricts, both of which are, 
largely drawn upni by the itinerant lo/iars. In the Himalayas 
the Kumaon region has b(?cn known to jswsess some depjsits. 

Workable iron-ore is met with in the Biasi district, Jammu 
hills. 

Manganese. 

With the exception of Russia (the Cauciwiis), India is the Prodactinn 
largest producer of manganese in the world. Within the last “nlUjiar"** 
sixteen years, the export of manganese ore has risen from a 
few thousand tons to between 600,000 and 81X1,000 tons 
annually. The whole of this output is exported in the ore 
condition, practically no i)art of it Unng treated in the country 
for the production of the metal, or for its manufacture into 
ferro-manganese, the principal alloy of manganese and iron. 

The chief centres of manganese mining, or rather quarrying Dirtribution. 
(for the method of extraction up till now resorted to is one of 
open quarrying from the billsidcs),are the Balaghat, Bhandara, 
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Chhindwara, Jabalpur and Nagpur districta of the Centrsi 
Provinces, which yield nearly 60 per cent, of the total Indian 

Geographical, output. SanduT and Vizagapatam in Madras take the next 
place, then comes the Panch Mahal district of Bombay, and 
Gangpur in Orissa, Chitaldrug and Shimoga districts of 
Mysore, and Jhalna in Central India. 

Geological. Dr. Fermor has shown that manganese is distributed, in 
greater or less proportion, in almost all the geological systems 
of India, from the Archaean to the Pleistocene, but the forma¬ 
tion which may be regarded as the principal carrier of these 
deposits is the Dharwar. The richly manganiferous facies of 
this system—the Gondile and Kodurile series—contain enor¬ 
mous aggregates of manganese ores such as psilomelane and 
brannite, pyrolusite, hollandite, etc. Of these the first two 
form nearly 90 per cent, of the ore masses. The geological 
relation of the ore bodies contained in these .series and their 
original constitution have been referred to in the chapter on 
the Dharwar system (p. 60). Besides the Dharwar system, 
workable manganese deposits are contained in the latcrite-like 
rock of various parts of the Peninsula, where the ordinary 
Dharwar rocks have been metasomatically replaced by under¬ 
ground water containing manganese solutions. According 
to the mode of origin, the two first-named occurrences belong 
to the syngmetic type of ore bodies, i.e. those which were 
formed contemporaneously with the enclosing rock, while 
the last belong to the epigenetic class of ores, i.e. those formed 
by a process of concentration at a later date. 

A voluminous memoir on the manganese-ore deposits of 
India by Dr. L. L. Fermor is published by the Geological 
Survey of India,* containing valuable information on the 
mineralogy, economics and the geological relations of the 
mangsnesc of India. 

Ores which contain from 40 to 60 per cent, of manganese 
are common and are known as manganese ores. There also 
exist ores with an admixture of iron of from 10 to 30 pet cent.: 
these ate designated ferruginous imnganese ores ; while 
those which have a still greater proportion of iron in them 
are known as manganiferous iron ores. The average cost of 
* Mm. Tol. xxxrii. 1909. 
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Indian nuuiganese ore delivered in London is less than Be. 30 
per ton of first grade ore, i.e. with a manganese percentage 
greater than 60. 

The chief nse of manganese is in metallurgy for the manu- iT»e«. 
factUre of ferro-manganese and spicgeleiscn, both of which 
are alloys of manganese and iron. Manganese is employed 
in several chemical industries as an uxidisor, as in the manu¬ 
facture of bleaching powder, diBinf«*ctants, preparation of 
gases, etc. Manganese is employed in the preparation of 
colouring materials for glass, jwttery-paints, etc. The pink 
mineral, rhodonite (silicate of manganese), is Sometimes cut 
for gems on account of its attractive colour and appearance. 

Aluminium. 

Since Holland’s discovery that much of the clayey p<trtion Bauxitnin 
of laterite is not clay (hydrated silicate' of alumina), but the 
simple hydrate of alumina (bauxite), much attention has been 
directed to the possibility of working the latter as an ore of 
aluminium. Baraite is a widely spread mineral in the 
laterite cap of the Peninsula, but the laterites richest in 
bauxite are those of the Central Provinces, esp(!cially of 
Katni (Jabalpur), and of some hill-tojm in the Balaghat 
district in which the percentage of alumina is more than 50. 

Other important deposits are those of the Kalahandi State, 

Sarguja, Mahabalcshwar, Bhopal and the Palni hills and some 
parts of Madras. 

These deposits have, however, no ('conomic. possibility if >>.011011110 
the usual practice is followed of working them simply with a '**“*• 
view to exportation in the ore condition. The only profitable 
method of working the bauxite is that suggested by the 
Geological Survey of India, viz. the export of pure alumina 
after refining and concentrating the crude bauxite. It is not 
possible to manufacture the metal aluminium in India 
because of the absence of cheap supply of electric power for 
the furnaces. 

Aluminium has a variety of applications in the modern Ums. 
industries. It is esteemed on account of its low density, its 
nudity and malleability. Besides its use for utensils, it has 
many applications in electricity, metallurgy, aeronautics, etc. 

W.O.I. 



306 GEOLOGY OP INDIA 

It is largely employed in the mamifacture of alloys with 
nickel, copper, zinc and magnesium. The present output of 
bauxite is insignificant and is chiefly consumed in the cement- 
making industry of Katni. 

Lead, Silver, Zinc. 

Very little lead is produced in India at the present time, 
though ores of lead, chiefly galena, occur at a number of 
places in the Himalayas, Madras and Bengal, enclosed either 
among the crystalline schists or, as veins and pockets, in 
the Vindhyaii limestones. Lead was formerly produced in 
India on a large scale. The lead ores of Hazaribagh, Man- 
bhum and some districts of the Central Provinces are on a 
fairly large scale, and they are often argentiferous, yieldmg a 
few ounces of silver per ton of lead. But all of these are lying 
unworked ; their remunerative mining is impossible because 
of the cheap price of imported lead. 

Load^ores of The only locality wlierc a successful lead industry has been 
recently established is Bawdwin in the Northern Shan States 
of Upper Burma, where deposits of arge)itiferous galena 
occur on an' extensive scjile in a zone of highly fractured 
volcanic and metamorphosed rocks of Cambrian age.* The 
country-rocks are felspathio grits and rhyohtic tuffs, the 
felspars of which are replaced by galena. Blende and copper- 
pyrites are associated with the lead-ores, together with their 
alteration-products in the zone of weathering—cerussite, 
anglesite, smithsonite, and malachite. 

Up to this time the Bawdwin lead has been worked more 
from the heaps of slags left by the old Chinese workers 
of these mines than from the ores mined from deposits 
in situ. 

The silver associated with these ores varies from 10 to 30 
ozs. of silver per ton of lead. Other associated metals in the 
same deposits are zinc and copper in smaller proportions. 
The total quantity of lead obtained from Bawdwin was 
13,500 tons in 1915, containing nearly 285,000 ozs. of silver. 
This quantitv has been greatlv exceeded by the output of the 
year 1916. 


‘ Rec. O.S. 1. vol. xMvii. pt. 3,190!). 
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The Bawdwin ores belong, geologically, to the class of 
metasomatic replacements, the original minerals of the 
country-rock having been substituted chemically by the 
sulphides and carbonates of lead and zinc, by the process of 
molecular replacement. 

India is the largest consumer of silver in the world, the Silver, 
extent of its average annual imports being £10,000,000. 

But with the exception of the small quantity of silver won 
from the Bawdwin ores and slags, no silver is produced in 
the country. The production from the above source was 
285,000 ozs. in 1915, valued at about Rs. 466,000.* 

A small quantity of zinc is obtai)icd in the mining of galena Zinc, 
from the Bawdwm mines. The ore is blende intimately 
mixed with galena. The average yearly output of zinc was 
about 90 tons, but in the year 1916 the quantity raised suddenly 
increased to 3000 tons. It is thought that the Bawdwin zinc 
deposits will prove as important as, if not more important 
than, the lead deposits in the near future. 

Tin. 

With the exception of a few isolated occurrences of cassi- Tin <irc of 
terite crystals in Palanpur and its occurrence in situ in the *'“* 
gneissic rocks of Hazaribagh, the only deposits of tin ore, 
of workable pretportions, are those of Burma—the Mergui 
and Tavoy districts of Lower Burma.* The most important tin- 
ore is cassiterite, occurring in granitic intrusions traversing 
an ancient schistose series of rocks (provisionally named the 
Mergui series), and also in pcgmatitic veins intersecting both 
the rocks. But the greatest proportion of the ore is obtained, 
not from the deposits in situ, but from the washing of river- 
gravels (stream-tin or tinstone) and from dredging the river¬ 
beds of the tin-bearmg areas, where the ore is collected by a 
process of natural concentration by running water. The 
value of the total amount of tin (265 tons) produced in Burma 
has of late risen to nearly Rs. 750,000 per year, of which the 

* During the year 1918 the amount of silver produced at Bawdwin rose 
to nearly three times this quantity^ valued at 13^ lacs of rupees. 

' Eec. 0.8. L vois. xxxvti. and Mxxviii. pts. 1, 1908 and 1900, Annua! 

Keports. 
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largest share belongs to Mergni. The production for 1916 was 
80 per cent, greater than this. 

Wolfram. 

Previous to 1914, Burma contributed nearly a third of the 
total production of wolfram of the world, but since then it 
has increased its output to a much larger extent. The most 
important and valuable occurrences of wolfram are in the 
Tavoy district of Lower Burma,^ where the tungsten-ore is 
found in the form of the mineral wolframite in a belt of granitic 
intrusions among a metamorphic series of rocks {Mergui series). 
The tin-ore, cassiterite, mentioned on the preceding page, 
occurs in the same group of rocks, though not associated with 
wolframite. Wolfram occursinquartz-veinsorlodes, associated 
with minerals like tourmaline, columbite, and molybdenite. 
From its mode of occurrence as well as from its association 
with the above-named minerals, it is clear that wolfram is of 
pneumatolytic origin, i.e. formed by the action of “ mineralis¬ 
ing ” gases and vapours issuing from the granitic magma. 
The cassiterite has also originated in a similar manner. 

Wolfram is also found in India in Nagpur, Tricliinopoly and 
Kajputana, but not in quantities sufficient to support a mining 
industry. The Burma deposits yielded 2600 tons of tungsten 
ore in 1916, valued at over 44 lacs of rupees. The quantity 
produced in 1916 rose to 3680 tons, worth 73 lacs. 

Tungsten possesses several valuable properties which give 
to it its great industrial and military utility. Among these 
the most important is the property of “self-hardening,” 
which it imparts to steel when added to the latter. All 
high-speed steel cutting-tools have a certain proportion of 
tmigsten in them. Tungsten-steel is'largely used m the manu¬ 
facture of munitions, of armour plates, of the heavy guns, etc., 
which enables them to stand the heavy char^ of modem 
explosives. Tungsten, by repeated heating, is given the,pro¬ 
perty of great ductility, and hence wires of extreme fineness 
and great strength, suitable for electric lamps, are manufac¬ 
tured. The value of tungsten-ore (wolframite) was more than 
^80 per ton before the great rise in the industry during the war. 

' Rec. O.S.L Tol. xliii. pt. 1, 1913. 
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Ohromimn. 

Chromite, the principal ore of chromium, occurs as a product Oocurrenc*. 
of magmatic differentiation in the form of segregation-masses 
and veins in ultra-basic, intrusive rocks, like dunites, peri- 
dotites, serpentines, etc. In such form it occurs in Baluchi¬ 
stan, Mysore and in Singhbhum. The Baluchistan deposits 
are the most important and have the largest output, producing 
about 3200 tons per year, valued at Rs. 64,000. Chromite 
occurs in the Quetta and Zhob districts in the serpentines 
associated with ultra-basic intrusions of late Cretaceous age. 

The Mysore deposits are not of a high grade and fetch a lower 
value. Some chromite occurs in the " Chalk hills ” (magnesite- 
veins) near Salem, but it is not worked. 

Chromite is used in the manufacture of refractory bricks Uses, 
for fumace-lmmgs. Its further use lies in its being the raw 
material of chromium. An alloy of chromium and iron 
(ferro-chrome) is used in the making of chrome-steels and 
armour-plates. A large part of chromium is used in the 
manufacture of mordants and pigments, because of the red, 
yellow and green colours of its salts. 

Ores of the followmg metals also occur in India but their 
deposits are of very limited proportions and are not of any 
considerable economic value : 

Sulphide of antimony, stibnite, is found in deposits of Antimony, 
considerable size at the end of the Shigri glacier in the pro¬ 
vince of Lahoul, south-east of Kashmir. It occurs mixed 
with galena and blende in the granitoid gneiss of that area. 

Stibnite is also found in Vizagapatam and in Hazaribagh. 

But the production of stibnite from these bodies is variable, 
and there does not appear to be any commercial possibility 
for them unless metallic antimony is extracted on the 
spot. 

Sulphides of arsenic, orpiment and realgar, form large Anenic. 
deposits in Chitral on the North-West Frontier and in Kmhaon. 

The orpiment-mines of the first locality are well known for 
the beautifully foliated masses of pure orpiment occurring in 
them, but no attempt has been made to work the mineral 
commercially. The chief use of orpiment is as > a pigment 
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in lacquer-work; it is also employed in pyrotechnics because 
of its burning with a dazzling bluish-white light. 

Cobalt and Cobalt and Nickel-ores are not among the economic pro¬ 
nickel. (JuQts of India. A few crystals of the sulphide of both these 
metals are found in the famous copper-raine.s of Khetri, Jaipur, 
Eajputana. The Sekta of the Indian jetiellers is the sulphide 
of cobalt, which is used for the making of blue enamel. Nickeli- 
ferous pyrrhotite and chalcopyrite occur at some places in 
South India, e.g. in the auriferous quartz-reefe of Kolar, in 
Travancore, etc., but the occurrences are not of sufficient 
magnitude to support mining operations. 

Zinc. Besides the ore associated with the lead-ores of 
Bawdwin (p. 306), some zinc occurs with the antimony' deposits 
of Shigri, and the copper-deposits of Sikkim. Smithsonite 
is found at Udaipur in Rajputana and a few other places. 

7. PRECIOUS AND SEMI-PRECIOUS STONES ^ 
Diamonds. 

In ancient times India had acquired great fame as a source 
of diamonds, all the celebrated stones of antiquity being the 
produce of its mines, but the reputation has died out since the 
discovery of the diamond-mines of Brazil and the Transvaal, 
and at the present time the production has fallen to a few 
stones annually of but indifferent value. Even so late as 
the times of the Emperor Akbar, diamond-mining was a 
flourishing industry, for the field of Panna alone is stated to 
have fetched to his Government an annual royalty of 12 lacs 
of rupees. The localities noted in history as the great 
diamonds, diamond centres were Bundelkhaud (for “ Panna diamonds”); 
the districts of Kurnool, Cuddapah, Bellary,etc., in the Madras 
Presidency (for the “ Golconda diamonds ”); and some 
places in Central India such as Sambalpur, Chanda, etc. 
The diamondiferous strata in all cases belong to the Vindhyan 
systefn of deposits. A certain proportion of diamonds were 
also obtained from the surface-diggings and alluvial-gravels 
of the rivers of these districts. Two diamond-bearing horizons 
occur among the Upper Vindhyan rocks of Central India: one 

^ Goodchild» Precious Stones (Constable). 
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of tbese (Paima State) is a thin conglomerate-band separating 
the Kaimnr sandstone from the Rewah series, and the other, 
also a conglomerate, lies between the latter and the Bhander 
series. The diamonds ate found as rolled pebbles, like the 
other pebbles of these conglomerates, all derived from the older 
rocks. The original matrix of the gem from which it separated 
out by crystallisation, is not known with certainty. Probably 
it lies in the dykes of basic volcanic rocks associated mth the 
Bijawar series.' The most famous diamonds of India from the 
above-noted localities are : the “ Koh-i-noor,” 186 carats; 
the “ Great Mogid,” 280 carats ; the “ Orloff,” 193 carats ; 
the “ Pitt ” 410 carats; the value of the last-named stone, 
re-cut to 136| carats, is estimated at £480,000. 

Babies and Sapphires (Corundum).^ 

Crystallised and transparent varieties of corimdura, when 
of a beautiful red colour, form the highly valued jewel ruby, 
and, when of a light blue tint, the gem sapphire. Rubies of 
deep carmine-red colour, “ the colour of pigeons’ blood,” and 
perfect lustre arc often of greater value than diamonds. 

Rubies are mined at the Mogok district (Ruby Mines district) Burma 
of Upper Burma, north of Mandalay, which has been a cele- "**><«»• 
brated locality of this gem for a long time. The best rubies 
of the world come from this district from an area covering 
some 25 to 30 sq. miles, of which Mogok is the centre. The 
matrix of the ruby is a crystalline limestone—ruby limestone 
(see p. 54)—associated with and forming an integral part of 
the surrounding gneisses and schists. The rubies are found 
in sUu in the limestone along with a number of other 
secondary minerals occurring in it. Some stones are also 
obtained from the. hill-wash and alluvial detritus. The out¬ 
put of the Burma ruby-mines amounted, some years 
ago, to over £95,000 annually, but it has declined of late 
years.* 

The Burma ruby area also yields sapphires occasionally, SappbirM of 

Kuhinir. 

* Vredenburg, Sec. Q.S.I. vol. xniii. pt 3,1808. 

•“Corundum,” T. H. Holland, 1898, 0.3.1. 

• One ruby from the Mogok minea, 38J carats in weight, was soid for 
£20,000 in London in 1875. 
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bat a larger source of sapphires in India was up till lateiv 
Kashmir. The gem was &st discovered in Kashmir in 1882; 
it there occurs as an original constituent of a fine-grained 
highly felspathic gneiss at Padar in the Kishtwar district of 
the Zanskar range, at a high elevation. Sapphires were also 
obtained from the talus-ddbris at the foot of the hill-slopes. 
Stones of perfect lustre and of high degree of purity have been 
obtained from this locality in the earlier years, but the larger 
and more perfect crystals, of value as gems, appear to have 
become exhausted since 1908, and the present output is con¬ 
fined to what ate called “ rock-sapphires,” quite valueless for 
gems and of use only as abrasives, watch jewels, etc. 

Spinel. 

Spinel when of sufficient transparency and good colour b 
used in jewellery; it constitutes the gem ballas-ruby when of 
rose-red colour and spinel-ruby when of a deeper red. 
Rubicelli is the name given to an orange-red variety. Spinel- 
rubies occur in the Burmese area associated with true 
rubies; also to some extent in Ceylon, in the well-known 
gem-sands of Ceylon, along with many other semi-precious 
and ornamental stones. 

Beryl. 

Beryl when transparent and of perfect colour and lustre b 
Emeralds and a highly valued gem. Its colour varies much from colourless 
miSnes shades of green, blue or even yellow. The much-prized 

green variety is the emerald, while the blue b dbtingubhed 
as aquamarine. Emeralds are rare in India. Aquamarines 
suitable for use as gems are obtained from pegmatite-veins 
crossing the Archaean gnebs at some places in Behar and 
Nellore. Good aquamarines also occur in the Coimbatore 
dbtrict and in Kbhengarh (Rajputana), from both of which 
localities stones of considerable value were once obtained. 
Recently a new and highly productive locality for aquamarines 
has been discovered in the Kashmir State in the Shigar valley 
in Skardu, from whence crystab of considerable sbe and 
purity are recovered. 

Common beryl occurs in very large crystab, sometimes a 
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foot in length, in the granite-pegmatite of many parts of 
India, but only rarely do they include some transparent frag¬ 
ments of the required purity. 

OhrysoberyL 

Chrysoberyl is a stone of different composition from beryl. 

It is of greenish-white to olive-green colour. A few good 
stones in the form of platy crystals of tabular habit are obtained 
from pegmatite-veins in Kishengarh in Bajputana, which also 
yield mica and aquamarines. They are found in some felspar- 
veins in the nepheline-syenitcs of Coimbatore. Usually they 
are too much flawed and cracked to be suitable for cutting as , 
gems. Chrysoberyl crystals when possessing a chatoyant lustre 
are known as “ Cat’s eyes.” Alexandrite is the deep emerald- 
green variety found in Ceylon. 

Garnets. 

Garnet possesses some of the requbites of a gem-stone— Carnot as a 
a high refractive index and lustre, a great hardness, a pleasing 
colour, transparency, etc.—^and would be appreciated as such, 
were it but put on the market in restricted quantities. Garnets 
are most abundant in the metamorphosed rocks of Bajputana 
and Ceylon, especially in the mica-schists, and large trans¬ 
parent crystals are frequently found. Quantities of garnets 
are exported to forwgn countries for use in cheap jewellery. 

The variety used for this purpose is almandine, of crimson to 
red and violet colours. Crystals of large size are worked at 
Jaipur, Delhi and at Kbhengarh, where they are cut into 
various shapes for gems. Those of Kbhengarh are considered 
to be the finest in India, and support a regular industry of 
about a lac of rupees yearly. 

Zircons occur in various parts of India, but nowhere quite 
flawless or with the degree of transparency required in a gem. 

Hyacinth (the transparent red variety) is found at Kedar Nath 
on the Ganges. 

Tourmalines. 

Pellucid and beautifully coloured varieties of tourmaline, Ked and 
red, green or blue, are worked' as gems. The fine red ^U^iines. 
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transparent variety Rubellite is obtained from the ruby-mines 
district of Burma, where it occurs in decomposed granite 
veins. The green variety known as Indkolite occurs in 
Hazaribagb (Bengal) and in the Padar district of Kashmir, 
where also some transparent crystals of rubellite are found. 
The latter tourmalines possess greater transparency, but are 
much fissured. Gem-tourmalines are also obtained from 
Ceylon from the noted gem-sands or gravels of that island. 

Other gem- Besides the above-named varieties, other crystallised 

India. minerals, when of fine colour and attractive appearance and 
possessing some of the other qualities of gems, e.g. hardness, 
transparency, etc., arc cut for ornamental purposes in different 
parts of the country. Among such minerals are the pleochroic 
mineral iolite or cordierite of Ceylon; kyanites or cyanites 
found at Naniaul in the Patiala State; rhodonite (pink 
manganese silicate) of some parts of the Central Provinces ; 
apatite (a sea-green variety) met with in the kodurites of 
Vizagapatam. Moonstone and ainazon-stone are ornamental 
varieties of felspar, the former a jiearly opalescent orthoclase, 
met with in Ceylon, and the latter a green microcline occurring 
in Kashmir and elsewhere. 

Gem-cutting is a regular industry in places like Delhi, 
Jaipur and Ceylon. 

Agates. 

Various forms of chalcedonic silica, agates, camelian, 
blood-stone, onyx, jasper, etc., are known under the general 
name of akik (agate) in India. The principal material of 
these semi-precious stones is obtained from the amygdaloidal 
basalts of the Deccan, where varioiw kuids of chalcedonic 
silica have filled up, by infiltration, the steam-holes or cavities 
of the lavas. The chief place which supplies raw ahk is 
Ratanpur m the Rajpipla State, where rolled pebbles of these 
amygdales are contained in a tertiary conglomerate. On 
mining, the stones are first baked in earthen pots, which process 
intensifies the colouring of the bands in the agates. The 
cutting and polishing is done by the lapidaries of Cambay, 
who fashion out of them (after a most wasteful process of 
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chipping), a nvunber of beautiful but snmll articles and orna¬ 
ments. The annua) output at Ratanpur is about 100 tons. 
Cambay used to be a large market of Indian agates in past 
years for different parts of the world. 

Rock-Crystal, or crystallised, transparent quart.z, is also cut 
for ornamental objects, such as cheap jewels (vallum diamonds), 
cups, handles, etc. The chief places are Tanjor, Kashmir, 
Kalabagh, etc., from whence crystalline quartz of requisite 
purity and transparency is obtained. 

Amethyst and Rose-Quartz. 

The purple and pink-coloured varieties of rock-crystal are 
cut as ornamental stones and gem-.stones. These occur in 
some geodes, filling up lava-cavities, near Jabalpur. 

Amber is mineral resin, i.e. the fossilised gum of extinct 
coniferous trees. It is extracted by means of pits from some 
Miocene clay-beds in Burma. A few cwts. are produced 
annually, from 50 to 200, with an average value of 90 to 
100 rupees per cwt. It occurs in round fragments and lumps, 
transparent or translucent, often crowded with inclusions and 
with veins of calcite. Amber is employed in medicine, in 
the arts, for jewellery, etc., and is highly prized when of a 
transparent or translucent nature. 


8. ECONOMIC MINERALS AND MINERAL 
PRODUCTS 

Here we shall consider the remaining economic mineral 
products, mostly non-metallic minerals of direct utility or 
of application in the various modern iirdustrics and arts. 
They include salts and saline substances, raw materials for 
a number of manufactures, and substances of economic value 
such as abrasives, soil-fertilisers, the rare minerals, etc. With 
regard to their geological occurrence, some are found as 
constituents, original or secondary, of the igneous rocks; some 
as beds or lenticels among the stratified rocks, formed by 
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chemical agencies; while others occur as vein-stones or 
gangue-materials occurring in association with mineral-veins 
or lodes or as filling up pockets or cavities in the rocks. The 
more important of these products arc : 


1. Salt. 

12. Gypsum. 

2. Saltpetre. 

13. Magnesite. 

3. Alum. 

14. Asbestos. 

4. Borax. 

15. Barytes. 

5. Reh. 

16. Fluor-spar. 

6. Mica. 

17. Phosphatic Rocks. 

7. Corundum. 

18. Mineral Pamts. 

8. Jade. 

19. Uranium and Titanium Minerals. 

9. Monazitc. 

20. Rare Minerals. 

10. Graphite. 

21. Pyrite. 

11. Steatite. 

22. Sulphur. 


Salt. 

There are three sources of production of this useful material 
in India: (1) sea-water, along the coasts of the Peninsula; 
(2) brine-springs, wells and salt-lakes of some arid tracts, 
as of Kajputana and the United Provinces; (3) rock-salt 
deposits contained in the Salt-Range and in the Kohat region. 
The average annual production of salt from these sources is 
a little over IJ million tons, the whole of which is consumed 
in the country. The first is the most productive and an 
everlasting source, contributing more than 60 per cent of the 
salt consumed in India. The manufacture is carried on at 
some places along the coasts of Bombay and Madras, the 
process being mere solar evaporation of the sea-water enclosed 
in artificial pools or natural lagoons. A solid pan of salt 
results, which is afterwards refined by recrystallisation. Con¬ 
centration from brine springs and wells is carried on in various 
parts of the United Provinces, Behar, Delhi, Agra, the delta 
of the Indus, Cutch and in Rajputana. The principal sources 
of salt in the last-named province are the salt-lakes of Sambhar 
in Jaipur, Dindwana and Phalodi in Jodhpur, and Lonkara- 
Sur in Bikaner. The salinity of the lakes in this area of 
internal drainage W'as for long a matter of conjecture, but 
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the recent investigations of Holland and Christie * have con¬ 
clusively shown that the salt is brought as fine dust by the 
south-west monsoon from the Eann of Cutch and from the 
sea-coasts, and is dropped in the interior of Bajputana when 
the veloeity of the winds passing over it has decreased. 

The rock-salt deposits of Northern India also constitute an Rock-salt 
immense and inexhaustible source of pure crystallised sodium 
chloride. At Khewra, in the Jhelum district, two beds of 
pure rock-salt are worked at the Mayo salt-mines which have 
an aggregate thickness of 550 feet, with only a few earthy 
or impure layers unfit for direct consumption. The horizo.ital 
extension of these beds or lenticels is not knowm definitely, but 
it is thought to be great. Smaller salt-mines’are situated at 
some other parts along these mountains. A salt-deposit of 
even greater vertical extent than that worked at Khewra is 
laid bare by the denudation of an anticline, in the Kohat 
district, lying north of the Salt-Range. Hero the salt is taken 
out by open quarrying in the salt-beds at the centre of the 
anticline near Bahdur Khel. The thickness of the beds is 
1000 feet and their lateral extent 8 miles. The salt is nearly 
pure crystallised sodium chloride, with a di.stinct greyish tint 
owing to slight bituminous admixture. 

The Salt-Range deposits contain, beside sodium chloride, Other ault*. 
some salts of magnesium and jKitassium. The latter salts 
are of importance for their use in agriculture and some indus¬ 
tries. Dr. Christie has found numerous seams of potash¬ 
bearing minerals (containing a potassium percentage from 
6 to 14 per cent.), such as si/lrite, kainite, Jangbeintie, etc., 
generally underlying the layers of red earthy salt {kalar)} 

Carbonate and sulphate of soda were formerly derived from 
the reh efliorescences of the alluvial plains of Northern India. 

Carbonate of soda forms a large ingredient of the salt-water 
of the Lonar lake, in Buldana district, which was formerly 
extracted for commerce. But the cheap supply of chemically 
manufactured soda prohibits any industrial working of these 
salts now.* 

* Rec. Q.S.I. vol. xxxviii. pt. 2,1000. 

2 i?ec. O.S.I. vol. iliv. pt. 4,1014. 

* Rec, Q.S.I. voi. lU. pt. 4,1012. 



010 


moimj OF INDIA 


Mode of 

occurrence 

nitre. 


Its pro<luc< 
tion. 


Uses. 


Saltpetre or Nitre (Fotassinm Nitrate).^ 

India, principally the province of Behar, used to export this 
compound in very large amounts before the introduction of 
artifically manufactured nitrate, and constituted the most 
important source of supply to Europe and the United States 
of America. 

^ Saltpetre is a natural product formed in the soil of the 
alluvial districts by natural processes under the peculiar 
conditions of climate prevailing in those districts. The thickly 
populated agricultural province of Behar, with its alternately 
warm and humid climate, offers the most favourable conditions 
for the accumulation of this salt in the sub-soil. The 
large quantities of animal and vegetable refuse gathered 
romid the agricultural villages of Behar are decomposed into 
ammonia and other nitrogenous substances ; these are acted 
upon by certain kinds of bacteria {nitrifniwi bacteria) in the 
damp hot weather, with the result that at first nitrous and then 
nitric acid is produced in the soil. This nitric acid readily 
acts upon the salts of potassium with which the soil of the 
villages is impregnated on account of the lai^e quantities of 
wood and dung ashes cot\stantly being heaped by villagers 
around their habitations. The nitrate of potassium thus 
produced is dissolved by rain-water and accumulated in the 
sub-soil, from which the salt re-ascends to the surface by 
capillary action in the period of desiccation following the rainy 
weather. Large quantities of nitre are thus left as a saline 
effiorescence on the surface of the soil along with some other 
salts, such as chloride of sodium and carbonate of sodium. 

The efflorescence is collected from the soil, lixiviated and 
evaporated, and the nitre separated by fractional crystallisa¬ 
tion. It is then sent to the refineries for further purification. 
In past years Beliat alone used to produce more than 20,000 
tons of nitre per year. The present aggregate export of nitre 
from Behar, Punjab, Sind and other parts of India hardly 
amounts to 17,000 tons, valued at about Rs. 3,800,000. 

The chief use for nitre or saltpetre was in the manufacture 
of gunpowder and explosives before the discoveries of modem 

> Hutchinson, “ Saltpetre, its Origin and Extraction in India," BuUeiin 68 
(1917), Agricultural Department of India. 
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chemistry brought into use other substitutes for these purposes. 

Nitre is employed in the manufecture of sulphuric acid and 
as an oxidiser in mimerous chemical processes. A subordinate 
use of nitre is as manure for the soil. 

Alum. 

Alums are not natural but secondary products manufactured 
out of pyritous shales or ‘ alum shales.’ 

[Pyritous shales when exposed to the air, under heat and mois- Production, 
ture, give rise to the oxidation of the pyrites, producing iron 
sulphate and free sulphuric acid. The latter attacks the alumina 
of the shales and converts it into aluminium sulphate. On the 
addition of potash-salts, such as nitre or common wood-ashes, 
potash-alum is produced, and when common salt or other soda- 
salts are introduced, soda-alum is produced. In this way several 
alums arc made, depending upon the base added. 

The natural weathering of the shales being a very slow process, 
it is expedited in the artificial production of alum by roasting it. 

The roasted shale is then lixiviated and concentrated. A mi.\turc 
of various soda and potash-salts is then added and the alum 
allowed to crystallise out.] 

The most common alums produced in India are soda and 
potash alums. There w'aa a flourishing alum industry in the 
past in Cutch, Eajputana and parts of the Punjab. But it is 
no longer remunerative in face of the cheap chemical manu¬ 
factured alums, and is carried on only at two localities, Kala- 
bagh * and Cutch. The principal use of the alum manufactured 
in India is in the dyeing and tanning industries. 

Soluble sulphates of iron and copper—copperas and blue- 
vitriol—arc obtained as bye-products in the manufacture of 
alums from pyritous shales. 

Borax. 

Borax occurs as a precipitate from the hot springs of the Borax from 
Puga valley, Ladakh, which occur in association with some 
sulphur deposits. Borax is an ingredient of many of the 
salt-lakes of Tibet, along with the other salts of sodium. The 
borax of the Tibetan lakes is obtained cither by means of 
diggings, on the shores of the lakes, or by the evaporation of 
their waters. The original source of the borax in these lakes 
‘ Bee. O.S.I. vol. xl. pt. 4,1910. 
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is thought to be the hot springs, like those of Pugs mentioned 
on the preceding page. 

Like nitre, alum and similar products, the borax trade, which 
was formerly a large and remunerative one, has seriously 
declined owing to the discovery of deposits of calcium borate 
in America, from which the compound is now synthetically 
prepared. The industry consisted of the importation of partly 
refined borax into the Punjab and United Provinces, from 
Ladakh and Tibet, and its exportation to foreign countries. 
About 16,000 cwts. were thus exported yearly, valued at 
Rs. 360,000, whereas now it is only about 4600 cwts. 
Borax is of use in the manufacture of superior grades of 
glass, artificial gems, soaps, varnishes and in soldering and 
enamelling. 

Reh or Kallar is a vernacular name of a saline efflorescence 
composed of a mixture of sodium carbonate, sulphate and 
chloride, together with varying proportions of calcium and 
magnesium salts found on the surface of alluvial soils in 
the drier districts of the Gangetic plains. Reh is not an 
economic product, but it is described here because of its negative 
virtues as such. Some soils are so much impregnated with 
these salts that they are rendered quite unfit for cultivation. 
Large tracts of the comitry, particularly the northern parts 
of United Provinces, Punjab and Rajputana, once fertile and 
populous, are through its agency thrown out of cultivation 
The origin of and made quite desolate. The cause of this impregnation of 
fril s»lte. sub-soil is this : The rivers draining 

the mountains carry with them a certain proportion of 
chemically dissolved matter, besides that held in mechanical 
suspension, in their waters. The salts so carried are chiefly 
the carbonates of calcium and magnesium and their sulphates, 
together with some quantity of sodium chloride, etc. In the 
plain-track of the rivers, these salts find their way, by per¬ 
colation, into the sub-soil, saturating it up to a certain level. 
In many parts of the hot alluvial plains, which have got no 
underground drainage of water, the salts go on accumulating 
and in course of time become concentrated, forming new com¬ 
binations by interaction between previously existing salts. 
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Rain water, percolatmg downwards, dissolves the more 
soluble of these salts and brings them back to the surface 
during the summer months by capillary action, where they 
form a white efflorescent crust. The reclaiming of these barren 
kallar lands into cultivable soils, by the removal of these 
salts would add millions of acres to the agricultural area of 
India and bring back under cultivation what are now altogether 
sterile uninhabited districts. 

The carbonate and sulphate of soda, the chief c'enstituents 
of rch, were formerly of .some use as a source of salts of 
alkalies, and were produced in some, (piantitv for local 
indtistry, but their i)roduction is no longer remunerative. 

Mica. 

Mica (muscovite) finds increased uses in many iiubistrii's. Uses of mica, 
and is a valuable article of trade. The chief use is .‘is .‘in 
in.sulating material in electric goods ; another is as a sub¬ 
stitute for glass in glazing and many other purposes. For 
the latter purpose, however, only large transpanmt sheets 
alone are suitable. Formerly an enormous amount of what 
Ls Called scrap-mim (small pieces of flakes of mica), the waste 
of mica-mines and quarries, was considtued valueless and was 
thrown away. A use has now beoi foiuid for this substance 
in the making of »iitwn?Ve-—nnca-boards -by cementing small 
bits of scrap mica under pressure. Micanite is now employed 
for many purposes in which sheet mica was formerly used. 

Scrap mica is also ground for making paints, lubricants, etc. 

The mica-deposits of the Indian peninsula are considered 
to be the finest in the world, because of the large size and 
perfection of the, crystal plates obtainable at several places. 

This quality of the mica is due to the immunity from all 
disturbances sucb as crumpling, shearing, etc., of the parent 
rocks. Crystals more than three yards in diameter are 
obtained occasionally from the Nellore mines, from which 
valuable flawless sheets of great thinness and transparency 
are cloven off. 

India is the largest producer of mica in the world, contri- Mica-(lepo«iu 
buting, of late years, more than 50,000 cwts. per year, bringing 
in a return of Rs. 4,500,000. Although muscovite is a most Hazartbagh. 
w.o.i. 
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widely distributed mineral in the crystalline rocks of India, 
marketable mica is restricted to a few pegmatite-veins only, 
carrying large perfect crystals, free from wrinkling or foreign 
inclusions. These pegmatite veins cross the crystalline rocks, 
granites, gneisses and schists, but they become the carriers of 
good mica only when they cut through mica-schiste. The 
principal mica-mining centres in India are the Hazaribagh, 
Gaya and Monghyr districts of Bengal, the Nellore district of 
Madras and Ajmere and Merwara in Bajputana. Of these 
Bengal is the largest producer, while Bajputana contributes 
only 4 per cent, of the total.*^ The dark-coloured micas, 
biotite, pblogopite, etc., have no commercial use. 

Corundum.^ 

Ocourrenoe. Corundum is an original constituent of a number of igneous 
rocks of acid or basic composition whether plutonic or volcanic. 
It generally occurs in masses, crystals, or irregular grains in 
pegmatites, granites, diorites, basalts, peridotites, etc. The 
presence of corundum under such conditions is regarded as 
due to an excess of the base AI 2 O 3 in the original magma, 
over and above its proper proportion to form the usual 
varieti^ of aluminous silicates.® India possesses large re¬ 
sources in this useful mineral, which are, for the most part. 

Distribution, concentrated in Mysore and Madras. Corundum is distri¬ 
buted in the crystalline rocks of various other parts of India* 
and Burma as well. The most important of these localities 
are: the Mogok district (Buby Mines district), in Upper 
Burma, Assam (Khasia hills), and some parts of Bengal, 
the Zanskar range in Kashmir, etc. In Burma the femous 
ruby-limestone contains a notable quantity of corundum 
as an essential constituent of the rock, some of which 
has crystallised into the transparent varieties of the 
mineral, ruby and sapphire. In Madras there is a large area 
of corundum-bearing rocks covering some parts of Trichino* 
poly, Nellore, Salem and Coimbatore. Mostly the corundm^ 

* “ Mica Deposits of India,” Mem. O.S.l. vol. xxxiv. pt. 2, 1902. 

‘ “ Conmdum,” T. H. Holland, 1898, Q.S.I. 

• In the above instances corundum occurs as an original constituent of 
the magma, but the mineral also occurs in many cases as a secondary product 
in the zones of contact-metamorphism around plutonic intrusions. 
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occvirs in sUu in the coaise-giained gneisses, in small round 
grains or in large crystals, measuring some inches in size. It 
also forms a constituent of the eleaolite-syenites of Sivamalai 
and of the coarse felspar-rock of Coimbatore. 

The chief use of corundum is as an abrasive material because Uaea. 
of its great hardness. Emery is an impure variety of corundum, 
mixed with iron-ores and adulterated with spinel, garnet, 
etc. The abrading power of emery is much less than that of 
corundum, while that of corundum again is far below that 
of the crystallised variety sapphire. As an abrasive corundum 
has now many rivals, in such artificial products as carborundum, * 
alundum, etc. Corundum is used in the form of hones, wheels, 
powder, etc., by the lapidaries for cutting and polishing gems, 
glass, etc. 

The total annual production in India averages about 6000 
to 7000 cwts., valued at about Rs. 30,000. 

While dealing with abrasives, we might also consider here Other 
materials suitable for millstones and grindstones that are *'>r«siTe«. 
raised in India. A number of varieties of stones are quarried 
for cutting into millstones, though rocks that are the most 
suitable for this purpose are hard, coarse grits or quartzites. 

There is a scarcity of such rocks in moat parts of the country Miltatonee. 
and hence the stones commonly resoned to are granites, hard 
gritty Vindhyan sandstones and Goudwana grits and sand¬ 
stones, chiefly of the Barakar stage. 

Grindstones, or honestones, are cut from any homogeneous Grindstone*, 
close-grained rocks belonging to one or the other of the follow¬ 
ing varieties: fine sandstones, lydite, novaculite, homstone, 
fine-grained lava, slate, etc. 


Jadeite. 

Jade is a highly-valued oniamehtal stone on account of 
its great toi^ness, colour and the high lustrous polish it 
takes. It is especially valued iu China, to which country 
.^ almost the whole Indian output is exported. A large number 
*of mineral compounds pass under the name of jade, but the 
true mineral, also named nephrite, so much sought after, is a 
comparatively rare substance. Its occurrence is not known 
in India, but a mineral very much similar to it in many of its 
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qualities and known mjadeite, is largely quarried in Bunna. 
True jade comes in India from the Karakash valley of South 
Turkestan. 

Occurrenco, The stones are of various shades of green, blue-green, blue, 

or milk-white colour. Jade belongs to the group of amphiboles, 

being allied raineralogically to the species Tremolite, while 

jadeite, resembling the latter in many of its physical characters, 

is more allied to the pyroxene group, being a species of 

Spodiomene. The occurrence of the latter mineral in 

India is principally confined to the Miocene rocks of Upper 

Burma (Myitkyina district), where its extraction and export 

is a long-established and remunerative industry. It 

occurs cither as boulders in the alluvial gravels or as an 

alteration-product in the large serpentinous intrusions in the 

district of Tawmaw.i The formation of jade in serpentine 
formation. . i i . , . . . 

IS regardca by some as due to magmatic segregation taking 

place in the basic igneous intrusions of Miocene age. By 

others its presence is attributed to the effects of contact 

inetamorphism on a dyke of nephcline-albite rock traversing 

masses of serpentine. 

In -the period of its greatest prosperity, the jade industry 
was a flourishhig trade in Burma, but at present it has 
considerably^ lessened, which is to some extent due to the 
inferior quality of the jadestonc obtained. In 1910 Burma 
exported 6000 cwts. of jadestone of the aggregate value of 
Ks. 1,500,000. 

Sang-e-Yeshm, regarded as jade in the Punjab, is only a 
variety of serpentine. It differs from the original mineral in 
al 1 its characters, being not so tough, much softer and incapable 
of receiving the exquisite polish of jade. 

Monazite is a phosphate of the rare earths—cerium, lan¬ 
thanum and didyniium—but its economic value depends upon 
a small percentage of thorium oxide, which it contains as an 
impurity. Monazite was discovered some years ago in the 
Travancore State in river-detritus and along a long stretch of 
the coast from Cape Comorin to QuUo. At some places the 
monazite-sands have been concentrated by the action of the 
* Bieech, Rec. vol. xxxvil pt. 4, 1908, 
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sea-waves into rich pockets. Besides ■ monazite, the other 
constituents of the sand are magnetite, ilmenite, garnets, etc.; 
those with a high proportion of monazite have a density of 5 5 
with a light yellow colour. The monazite of Travancore is Moimiito of 
derived from the pegmatite-veins crossing the charnockites of 
the district. Its original formation is ascribed to pneu- Its 
matol 3 rtic agencies during the later period of consolidation of ‘’'^‘•“"enoe. 
the charnockite magma. It is also a small accessory con¬ 
stituent of the main rock. The pt'rcentagc of tboria, yielded 
by the Travancore motiazite, on w bich the commercial value 
of the mineral depends, is variable from 8 to 10 per cent. 

Ii! 1913 India exported to Germany concentrated monazite 
sands of the value of £42,000 (1100 tons).' 

The industrial use of monazite lies in the incandescent Uses, 
properties of tboria and the other oxides of the rare earths 
which it contains. These stibstances are u.sed in the manu¬ 
facture of mantles and filaments for incandescent lamjis. 

Graphite. 

Graphite occurs in small quantities in the crystalline and Occurrenm. 
metamorphic rocks of various parts of the Peninsula, ifi peg¬ 
matite and other veins, and as lenticular masses in some 
schists and gneisses. It forms an essential constituent of the 
rock known as Khondalite of Orissa. But the majority of 
these deposits are not of workable dimensions. Graphite 
occurring under such conditions is undoubtedly of igneous 
origin, i.e. a primitive constituent of the magma. Graphite 
resulting from the metamorjdiism of carbonaceous strata, and 
representing the la.st stage of the mineralisation of vegetable 
matter, is practically unknown in India, except locally in the 
highly crushed Gondwana beds of the Outer Himalayas. The 
largest deposits of graphite are in Ceylon, which has in the 
past supplied large quantities of this mineral to the world, 
its yearly contribution being nearly a third of the world’s 
total annual produce. The graphite here occurs as filling 
veins in the granulites and allied gneisses. The structure of 
the veins is often columnar, the columns lying transversely 
to the veins. Travancore until lately was another important 
> Tipper, Rec. Q S.I. voL iliv. pt. 3, 1914, 
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centre for graphite-mining, supplying annually about 13,000 
tons of the mineral (valued at Rs. 780,000). The graphite 
industry has practically ceased in Travancore of late years 
owing to the increasing depths to which mining operations 
have become necessary. 

A few other localities have been discovered among the 
ancient crystalline rocks, where graphite occurs, viz. Merwara 
in Rajputana, Sikkim, Coorg, Vizagapatam and in the Ruby 
Mines district of Upper Burma. But the quantity available 
is not large. 

The uses of graphite lie in its refractoriness and in its high 
heat conductivity. For this purpose it is largely employed 
in the manufacture of crucibles. Its other uses are for pencil 
manufacture, as a lubricant, in electrotyping, etc. 

Steatite. 

Massive, more or less impure, talc is put to a number of minor 
uses. From its smooth, uniform texture and soapy feel, it 
is called soapstone. It is also known as pot-stone from its 
being carved into plates, bowls, pots, etc.- Steatite is of wide 
occurrence in India, forming large masses in the Archaean and 
Dharwar rocks of the Peninsula and Burma; workable deposits 
occur in Behar, Jabalpur, Salem, Idar and Jaipur (Rajputana) 
and Minbu (in Burma). At most of these places steatite is 
quarried in small quantities for commercial purposes. In its 
geological relations, steatite is often associated with dolomite 
(as in Jabalpur) and other magnesian rocks, and it is probable 
that it is derived from these rocks by metamorphic processes 
resulting in the conversion of the magnesium carbonate into 
the hydrated silicate. In other cases it is the final product 
of the alteration of ultra-basic and basic eruptive rocks. At 
Jabalpur and other places it is carved into bowls, plates and 
vases ; it is also used in making pencils for writing on wood 
or cloth and as a refractory substance in making jets for gas- 
burners. The substance has also of late come into use as a 
paint of high quality for protecting steel. 


Gypsum forms large bedded masses or aggregate occurring 
in association with rocks of a number of different geological 
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formations. It has not found many uses in India, as is shown 
by the extremely low price of the product, Re. 1 for about 
15 tons in some of the localities where it is quarried. Large 
deposits of gypsum occur in the Salt-Range and Kohat in 
association with rock-salt deposits, and in the Tertiary clays 
and shales of Sind and Cutch. In Jodhpur and Bikaner beds 
of gypsum are found among the silts of old lacustrine deposits 
and are of considerable economic interest locally. In Spiti 
the gypsum occurs in immense masses replacing Carlntniferous 
limestones. In some cases gypsum occurs as transparent 
crystals {selenite) associated with clays. The handsome 
massive and granular.variety, known as alabaster, is used in 
Europe for statuary, while the silky fibrous variety, known 
as satin-spar, is employed in making small ornamental articles. 

The industrial use of gypsum is in burning it for making 
plaster-of-Paris. It is also used as a surface-dressing for lands 
in agriculture. 

Magnesite.' 

Large deposits of magnesite occur in the district of Salem 
as Veins associated with other magnesian rocks such as dolo¬ 
mite, serpentines, etc. The magnesite is believed to be an Mwlo of 
alteration-product of the dimites (peridotite) and other basic 
magnesian rocks of Salem. Whcii freshly broken it is of a 
dazzling white colour and hence the magnesite-veins travers¬ 
ing the country have been named the Chalk hills of Salem. 

The magnesite of Salem is of a high degree of purity, is easily 
obtained and, when calcined at a high temperature, yields 
a material of great refractoriness. Other places in South 
India also contain magnesite-veins traversing basic rocks, viz. 
Coimbatore, Mysore and Trichinopoly. The industrial uses 
of magnesite are in the manufacture of refractory materials 
and as a source of carbonic acid gas. It is also manufactured 
into cement for artificial stone, tiles, etc. 

Asbestos. 

Two quite different minerals are included under this name; 
one a variety of amphibole resembling tremolite and the other 
* Middlemisa, Rce. Q.S.l, vol. xxiz. pt. 2, 1886. 
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a fibrous variety of serpentine (chrysotile). Both possess 
much the same physical properties that make them valuable 
as commercial products. Asbestos (both the real mineral and 
chrysotile) has been discovered at many places in India, but 
at only one or two localities to. be of any commercial use, 
viz. the Idar State and the Saraikala State in Singhbbum. 
Much of this asbestos, however, does not possess that soft¬ 
ness or flexibility of fibre on which its industrial application 
depends. Asbestos has found a most wonderful variety of 
uses in the industrial world of to-day, viz. in the manufacture 
of fire-proof cloth, rope, paper, mill-boards, sheeting, belt, 
paint, etc., and in the making of fire-proof safes, insulators, 
lubricants, felts, etc. 

Asbestos (amphibole) occurs in pockets or small masses or 
veins in the gneissic and schistose rocks. The chrysotile 
variety forms veins in serpentine. 

Barytes. 

Barytes occurs at many places in India in the form of veins 
and as beds m shales, in sufficient quantities, but with few 
exceptions the deposits are not worked because of the absence 
of any demand for the mineral. The chief localities for barytes 
are Salem and Slccmanabad (in the Jabalpur district). Barytes 
is used as a pigment for mixing with white lead, as a flux in 
the smelting of iron and manganese, in paper-manufacture, in 
pottery-glazes, etc. The value of a ton of barytes is from 
4 to 7 rupees. 

Fluor-spar. 

This mineral is of rather rare occurrence in India. Veins 
of fluorite occur in the igneous rocks of some parts of the 
Peninsula and the Himalayas as well as in a few limestones, 
but the quantity available is not considerable in any place. 
The chief use of fluor-spar is as a flux m the manufacture of 
iron, of opalescent glass, enamel, etc. 

Phosphatic Deposits. 

Native phosphates, or rock-phosphates, occur as concretions 
or rock-like masses in various geological formations, both the 
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crystalline and sedimentary, of many parts of the world. 

These products are highly valued now as artificial fertilisers or 
manures, either in the raw condition or after treatment with 
sulphuric acid, to convert them into acid or suiK'rphosphates. 

The extreme rarity of phosphatic deposits in a country like 
India, whose primary industry is agriculture, is most regret¬ 
table. The only knovm occurrence of phosphatic deposits on 
a sufficient scale is in connection with the Cretaceoiis beds 
of Trichino]K)ly, where phosphate of lime occurs in the form 
of septarian nodules disseminated in the clay-beds. 

Mineral Paints. 

A number of rock and mineral substances are employed in 
the manufacture of paints and colouring materials in Europe 
and America. Substances which are siiitable for this purjwse Sutatance* 
include earthy forms of haematite and limonite (ochres, gem ); 
refuse of slate and shale quarries, |)o.sse.ssing the projier colour imints. 
and degree of fineness; graphite; laterite; orpiment; barytes, 
asbestos, steatite, etc. Many of the above substances arc easily 
available in various parts of Imlia and some are actually 
utilised for paints and pigments, viz. a bla<’k slate, for making 
black paints ; laterite and gem (ted or yellow levigated ochre) 
for red, yellow or brown cohmring matters ; barytes as a 
substitute for white lead ; or|)inient for yellow and red colours 
in lacquer work. 

Uranium and Titanium. 

Pitchblende occurs in nodular aggregates, in patches of PituhWondo 
basic segregations in a pegmatite vein crossing the gneisses 
and schists in the, Singar mica-mines at (faya. It is a.ssoc,iated 
with other uranium minerals—uranium-ochre, torlrcrnite, and 
also columbite, zircon, triplite, etc. These, minerals have 
great commercial value beca>i.se of the small proportion of 
radium that they contain. Recent investigations in the Gaya 
pitchblende deposits have ])roved that the latter are very 
promising in their radium-content. Besides pitchblende, other 
radium-bearing minerals and radio-active earths have been 
found. Samarskite, a very rare mineral, is found in the mica- 
bearing pegmatite of Nellore and some parts of Mysore. 
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Titanium occura in its two compounds, iJmenite and rutiJe, 
the fonner of which is of fairly wide distribution in the char- 
nockites and other gneisses of the Peninsula and Eajputana. 
It also occurs plentifully in some sands, e.g. the monazite 
sands of Travancore. 

Rutile is also abundantly distributed throughout the 
crystalline schists of the Peninsula. 

The Rare Minerals. 

The pegmatite veins of the crystalline rocks of India con¬ 
tain a few of what are called the rare minerals as their accessory 
constituents. The rare elements contained in them have 
found an extended use in modern industries such as mantle- 
manufacture, the manufacture of special kinds of steels, and 
other products of highly specialised uses in the present-day 
industries.! 

The most common of these are: wolfram and monazite, 
which have been already dealt with; columbite and tantalite 
(niobates and tantalates of the rarc-earths), which occur in the 
mica-pegmatites of Gaya, Hazaribagh, Nellore, etc.; gado- 
linitc (a silicate of the yttrium earths), which is found in 
a tourmaline-pegmatite associated with cassiterite in Palan- 
pur; and molybdenite, which is found in the claeolite-syenite- 
pegmatite of Eajputana and of Travancore. Another rare 
mineral, thorianite, has been found in Ceylon, containing 
from 60-80 per cent, of thoria and a considerable amount of 
helium. 

Zircon is found with uranium minerals and with triplite in 
the mica-mines of Gaya and in the nepheline-syenites of 
Coimbatore. Cyrtolite is a radio-active variety found in some 
of these localities. 

Platinum and iridium occur as rare constituents of the 
auriferous gravels of some parts of Burma. 

Pyrite. 

Pyrite is a mineral of very wide distribution in many of the 
geological formations of the country, from the oldest crystal¬ 
line rocks to the youngest sediments, but nowhere is it locally 

‘ C&hen and Wootton: Mineralogy of the Sartr Meiala, 1912 (C. Qriffin). 



ECONOMIC GEOLOGY 


831 


abundant enough to be of commercial utility in the preparation 
of sulphur and sulphuric acid. The economic value of pyrite 
lies in its being a source of sulphur and not as an ore of iron, 
because the high proportion of sulphur in it is injurious to 
the iron. The only occurrences, of any considerable scale, are Ooourrenoe. 
those of the pyritous shales of Kalabagh and the Dandot 
collieries on the Salt-Range, but the chances of sulphur manu¬ 
factured out of these deposits to compete against imported 
sulphur are very few, and no attempt is made for its develop¬ 
ment. Large stores of sulphur exist in coimection with metallic 
sulphides, notably of copper and lead, occurring in South India, 
which, when they are properly worked in India, will yield the 
metal as well as the sulphur. 

Sulphur in small quantities is obtained as a sublimation 
product from the crater of the Barren Island, and from some 
of the extinct volcanoes of Western Baluchistan. Many of 
the sulphur springs in the moimtainoiis districts of the extra- 
Peninsula precipitate some quantities of fine powdery sulphur 
near their outlets. Sulphur occurs in the Puga valley of 
Ladakh. It is found there both as a deposit from its hot 
spring and also as filling up fissures in quartz-schists. 

These sources are, however, too insignificant to meet the 
demand for sulphur in the country which is satisfied wholly 
by large imports from foreign countries. 

Sulphur has many important uses, much the most important 
being the manufacture of sulphuric acid. With regard to the 
share of the last-named compound in the manufactures and in¬ 
dustries of a country, the Quinquennial Report of the Mineral 
Production of India contains the following valuable statement: 

“ Sulphuric acid is a key to most chemical and many metal- Sulphuric 
lurgical industries; it is essential for the manufacture of 
superphosphates, the purification of mineral oils, and the 
production of ammonium sulphate, various acids, and a host 
of minor products; it is a necessary link in the chain of 
operations involved in the manufacture of alkalies, with 
which are bound up the industries of making soap, glass, 
paper, oils, dyes, and colouring matters; and as a bye-product, 
it permits the remunerative smelting of ores which it would 
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be impossible otherwise to develop. During the last hundred 
years the cost of a ton of sulphuric acid in England has been 
reduced from over £30 to under £2, and it is in consequence of 
the attendant revolution in Europe of chemical industries,aided 
by increased facilities for transport, that in India the manu¬ 
factures of alum, copperas, blue vitriol and alkalies have been 
all but exterminated ; that the export trade in nitre has been 
reduced instead of developed ; that the copper and several 
other metals arc no longer smelted; that the country is 
robbed every year of over 90,000 tons of phosphate fertilisers, 
and that it is compelled to pay over 20 millions sterling for 
products obtained in Europe from minerals identical with 
those lying idle in India.” * 

We shall close this chapter on economic geology with a few 
remarks on the soils of India. 

SOILS 

Soil forma- The soils of all countries are, humanly speaking, the most 

valuable part of the regolith or surface rocks. They are 
cither the residue of the underlying rocks, after the other 
soluble constituents arc removed, mingled with some pro¬ 
portion of decomposed organic nmtter {residml soil ); or the 
soil-cap may be due to the deposition of alluvial d6bris brought 
domi by the rivers from the higher grounds (drift soil). The 
soil of the Peninsula, for the greater part, is of the first de¬ 
scription, while the great alluvial mantle of North India, 
constituting the. largest part of the most fertile soil of India, 
is of the second class. We can easily imagine that in the pro¬ 
duction of soils of the first kind, besides the usual meteoric 
agencies, the peculiar monsoonic conditions of India, giving 
rise to alternating humidity and desiccation, must have had 
a large share. These residual soils of the Peninsula show a 
great variety both in their texture and in their mineralogical 
composition, according to the nature of the subjacent rock 
whose waste has given origin to it. They also exhibit a great 
deal of variation in depth, consbtency, colour, etc. However, 
the soils of India, so far as their geological peculiarities are 
> See. O.S.I. vol. xlvi. 1915, p. 295. 
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concerned, show far less variation than those in other 
countries, because of the want of variety in the geological 
formations of India. 

Over the large areas of metainorphic rocks the disintegra- Tho soils of 
tion of the gneisses and schists has yielded a shallow sandy 
or stony .soil, whereas that due to the decomposition of the 
basalts of the Deccan, in the low-lying parts of the country, 
is a highly argillaceous, dark, loamy soil. This soil contains, 
besides the ordinary ingredients of arable soils, small ipiantities 
of the carbonates of calcium and magnesium, ])otash, together 
with traces of ]ihosphates, ingredients which constitute the 
chief material of plant-food that is absorbed by their roots. 

Tho latter soil is, therefore, much more fertile as a rule than 
the former. The soil of the metainorphic rocks is thin and 
shallow in general (except where it has accumulated in the 
valley-basins), because of the slowiu’ss with which the 
gneisses and sclii.sts rveathcr. The soil in the valleys Ls good, 
be.cau.se the rain brings the decomiiosed rock-particles and 
gathers them in the hollows. In these situations of tho cry¬ 
stalline tract the soils arc rich clay-loams of great productive¬ 
ness. 

The soils yielded by the weathering of the sedimentary Soils of 
rocks depend upon the composition of the latter, whctlnu’ 
they be argillaceous, arenaceous or calcareous. Soils capping 
the Gondwana outcrops are in ge.neral poor and infertile, 
because Gondwana rocks are coarse sandstones and grits 
with but little of cementing material. Argillacimus and 
impure calcareous rocks yield good arable soils. Reference 
must here be made to the remarkable black .soil, or “regur,” of 
large areas of the Deccan which has already been described 
on page 268. The greater part of Rajputana is devoid 
of soils, because the conditions rctpiisite for the growth of soil 
by any of the two processes arc altogether absent there. The 
place of soil is taken by another form of regolith. 

The alluvial soils of the great plains of the Indus and Alluvial soila. 
Ganges, as also of those of the broad basins of the Peninsular 
rivers, are of the greatest value agrieulturally. They show 
minor variations in density, colour, etc., from district to 
district, but in general are light-coloured loamy soils of a high 
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degree of productiveness, except where it is destroyed by the 
injurious rdi salts. There are, however, a number of circum¬ 
stances which determine the characters and peculiarities of 
soils and their fertility or otherwise; this subject is, however, 
beyond the scope of this book and cannot be discussed 
further. 



CHAPTER XXVll. (APPENDIX) 


GEOLOUY OF KAKHMIR 

The object of the preeent chapter is to give iii brief outluie 
the geology of a province which contains, within a small 
geographical compass, one of the finest developments of the 
stratified record seen in the Indian region and perhaps in the 
world. A very large section of the fossiliferous geological 
record is exhibited in the hills and mountains surromiding 
the beautiful valley of Kashmir in localities easily accessible 
to students, and thus offering facilities for the study of the 
stratigraphical branch of the science, which are met with in 
no other parts of India. In this happy combination of cir¬ 
cumstances the Vale of Kashmir is unique as an excursion 
ground for students of geology, as much for its wealth of 
stratigraphic results, as for its i)hysiographic phenomena, its 
orographic features, its glaciers, etc. For this reason a 
connected account of the geology of Kashmir is app<mdcd as 
a special chapter. 

We shall describe in the present chapter the geology and 
physical features of the country comprised within the terri¬ 
tories of the Jammu and Kashmir State, lying between the 
Ravi and the Chenab valleys constituting a large area in the 
North-West Himalayas. Incidentally, therefore, the subject 
of this chapter HlHl also be a recapitulation of the main facts 
of the orography and geology of one of the best explored 
parts of the Himalayas. 

PHYSICAL PEATUBES 

An admirable account of the geography of this region is The chief 
given by Frederic Drew in his well-known book, Jammu and 
335 
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Kashmir Territories (E. Stanford, London, 1875). What 
follows in this section is an abridgement from this author’s 
description, modified, to some extent, by incorporating the 
investigations of later observers. The central Himalayan 
axis, after its bifurcation near Kulu, runs as one branch to 
north-we.st, known as the Zanskar Range, terminating in 
the high twin-peaks of Nun Kun (23,447); the other branch 
runs due west, a little to the south of it, as the Dhauladhar 
Range (“ the Great Himalayan Range ” of Col. Burrard), 
extending further to the north-west as the high picturesque 
range of the Pir Panjal, so conspicuous from all parts of the 
Punjab. Between these two branches of the crystalline axis 
of the Himalayas lies a longitudinal valley with a south-east 
to north-west trend, some 84 miles long and 25 miles broad 
in its middle, the broadest part. The long diameter of the 
oval is parallel to the general strike of the ranges in this part 
of the Himalayas. The total area of the Kashmir valley is 
1900 sq. miles, its mean level about 5200 feet above the sea. 
The ranges of mountains which surround it at every part, 
except the narrow gorge of the .Thelura at Baramula, attain, 
to the north-east and north-west, a high general altitude, 
some peaks of which rise above 18,000 feet. On the south¬ 
western border, the bordering ridge, the Pir Panjal, is of 
comparatively lower altitude, its mean elevation being 14,000 
feet. The be.st known passes of the Pir Panjal range, the 
great high-ways of the past, arc the Panjal Pass, 11,400 feet; 
Golabghar Pass, 12,.500 feet; the Banihal Pass, 9700 feet; 
Tata Kuti and Brahma Sakai are the highest peaks, 15,,500 
feet in elevation. 

The Outer Ranges (the Sub-Himalayas or the Siwalik 
Ranges). 

Tho outer The outermost ranges of the Kashmir Himalayas rise from 

ranges. plains of the Punjab, commencing with a gentle slope from 

Jammu, attain to about 2000 feet altitude, and then end 
abruptly in a steep almost perpendicular escarpment inwards. 

Their simple Then follows a succession of narrow parallel ridges with their 

^uomia strike persistent in N.W.-S.E, direction, separated by more 
or less broad longitudinal or strike-valleys (the basins of 
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subsequent streams). These wide longitudinal or strike- The “ dum.” 
valleys inside the hills are of more frequent occurrence in the 
eastern parts of the Himalayas, and attain a greater pro¬ 
minence there, being known there as “ duns ” {c.g. Dehra Dun, 

Kothri Dun,Path Dun,etc.). The Kashmir valleyitself may be 
taken as an exaggerated instance of a dun in the Middle 
Himalayas. These outer hills, formed entirely of the younger 
Tertiary rocks, rarely attain to greater altitinle than 4000 feet 
or thereabouts. The outer ranges of the Sub-Himalayan zone, 
bounded by the Ravi and tin; .Jhelum, the two east and west 
boundaries of the Kashmir State, are known as tlii^ Jammu 
hills. Stnicturally, as well lus lithologically, they partake of 
the same characters as are seen in the hills to the east and 
west of it, w'hich have received a greater share of attention 
by the Indian geologists. Ranges situated m*re inwards, 
and formed of older Tertiary rocks (of the, Murrc(5 series), 
reach a higher altitude, about 0000 to 8000 feet. At the exit 
of the great rivers, the ('henab ami the Jhelum, then; is an 
* indentation or a deep flexure inwards into this region corre¬ 
sponding to an abrupt change, in the direction of the strike of 
the hills. In the case of the Jhelum at Muzailcrabad this 
flexure is more conspicuous and significant, the strike of the 
whole Himalayan range there changing from the usual south¬ 
east—north-west to north and .south and thence undergoing 
another deflection to north-cast - -so\ith-west. 

The Middle Ranges (Lesser or Middle Himalayas—The 
Panjal and Dhauladhar Range).* 

This region consists of higher mountains (12,000-15,000 feet) The Panja 
cut into by deep ravines and precipitous defiles. The form 
of these ranges bciars a great contrast to the outer hills de¬ 
scribed above, in being ridges of irregidar direction that branch 
again and again, and exhibiting much less correspondence 
between the lineation of the hills and the strike of the beds 
constituting them. In the Pir Panjal, which may be taken as 
a type of the mountains of the Middle Himalayas, these ridges 
present generally a steep escarpment towarils the plains and 

^ For a connected account of the geology of Pir Panjal, ace Middlemisi, 

Sec. Yol. xli. pt. 2, 1911. 

w.o.i. Y 
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a long gentle elope towards Easbmir. Such mountains are 
spoken of as having an “ orthoclinal ” structure, with a “ Writ¬ 
ing-desk ” shape (see fig. 31, p. 343). To this cause (among 
several others) is due the pr^ence of dense forest vegetation, 
the glory of the Middle Himalayas, clothing the north and 
north-eastern slopes, succeeded higher up by a capping of 
snows, while the opposite, southern slopes are almost com¬ 
pletely barren and devoid of snow, being too steep to 
maintain a soil-cap for the growth of forests or allow the 
winter-snows to accumulate. (Jeologically the Middle Hima¬ 
layas of this part are intermediate in age between the Sub- 
Himalayas of Tertiary age and the older crystalline Inner 
Himalayas, being composed principally of rocks of Carboni- 
ferous-Trias age. The bulk of the Panjal range is composed 
of the Pen^p-Carboniferous volcanic rocks. For map of the 
Pir Panjal, see PI. XV. 

Inner Himalayas. 

To the north of the Pir Panjal range, and enclosing between 
them the valley of Kashmir, are the more lofty mountain- 
ranges of the innermost zone of the Himalayas, rising above 
the snow-line into peaks of perpetual snow. In the 
Zanskar range, which forms the north-eastern border of the 
valley, there are peaks of from 15,000 to 20,000 feet in height. 
Beyond this range the country, with the exception of 
the deep gorges of the Middle Indus, is all at a great 
elevation, utterly devoid of all kind of vegetation. Here 
there are elevated plateaus and high mountain-ranges separated 
from one another by great depressions, with majestic peaks 
towering to 24,000 feet. The altitude steadily increases 
farther north, till the peak Kj, on the mighty Karakoram 
or Mustagh range, attains the culminating height of 28,265 
feet—the second highest mountain in the world. The Kara¬ 
koram chain is the watershed between India and Turkestan. 
The valleys of these regions show var 3 nng characters. In 
the south-east is the Changchenmo whose width is &om five 
to six miles, with a mean height of 14,000 feet above the 
sea-level. From that to the north-west the height of the 
valley-beds descends, till in Gilgit and its neighbourhood the 
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liveis have cot bo deeply through the bare, bleak mouutainB 
that the streams flow at an elevation of only 6000 and, in one 
case, 3000 feet above the level of the sea. At places, in 
north and north-east Kashmir, there are extensive flat, vride, 
plains or depressed tracts among the mountains, too wide to 
be called valleys, of which the most conspicuous are the 
plateaus of Deosai, 13,000 feet high, lingzhitang, 16,000 feet, 
and Dipsang of about the same height. The physical features 
of this extremely rugged wind-swept and frost-bitten region 
vary much in character. They present an aspect of desolate, 
ice-bound altitudes and long dreary wastes of valleys and 
depressed lands totally different from the soft harmony of the 
Kashmir mountains, green with the abundance of forest 
and cultivation. The rainfall steadily diminishes from the 
fairly abundant precipitation in the outer and middle ranges 
to an almost total absence of any rainfall in the districts of 
Ladakh and Gilgit, which in their bleakness and barrenness 
partake of the character of Tibet. Owing to the great aridity 
of the atmosphere, the climate is one of fierce extremes, from 
the burning heat of some of the desert tracts of the Punjab 
plains in the day, to several degrees below freezing-point at 
night. Baltistan, lying directly to the north of Kashmir, and 
receiving some share of the atmospheric moisture, has a climate 
intermediate between the latter and that of Ladakh. In 
consequence of the great insolation and the absence of any 
water-action, there has accumulated an abundance of detrital 
products on the dry uplands and valleys forming a peculiar 
kind of mantle-rock or regolith of fresh, undecomposed 
rock-fragments. With the e.vception of a part of Ladakh, 
which consists of Tertiary rocks and a basin of Mesozoic 
sedimentary rocks on the northern flank of the Zanskar 
mountains, b,v far the larger part of the inner mountains is 
composed of igneous and raetamorphic rocksr—granites, 
gneisses and schists. 

ValleyB, 

In conformity with the peculiarities of the other Himalayan 
rivers, briefly referred to in the chapter on physical features, 
the great rivers of this area—the Indus, Jhelum, Chenab and 
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Eavi—after ninning for variable distances along the strike 
of the mountains, suddenly make an acute bend to the south 
and flow directly across the mountains. Just at the point of 
the bend, a large tributary joins the main stream and forms, 
as it were, its upward continuation. The Gilgit thus joins 
the Indus at its great bend to the south ; the Wardwan joins 
the Chenab at its first curve in Kishtwar, and the Ans at its 
second curve plainwards, above Riasi. The Kishenganga 
meets the Jhelum at Domel, where the latter takes its acutest 
curve southwards before emerging into the Pmijab. These 
transverse, inconsequent valleys of the Himalayas, as we have 
seen before, are of great importance in proving the antiquity 
of the Himalayan rivers, an antiquity which dates before the 
elevation of the mountain-system (see page 9). The 
configuration of the valleys in the Inner Himalayas of the 
Kashmir regions is very peculiar, most of the valleys showing 
an abrupt alternation of deep U-shaped or I-shaped gorges, 
with broad shelving valleys of an open V-shape. This is due 
to the scanty rainfall, which is powerless in eroding the slojies 
of the valley where they are formed of hard crystalline rocks 
and where the downward corrasion of the laige volume of 
streams produced by the melted snows is the sole agent of 
valley-formation. The broad valleys which are always fomid 
above the goige-likc portions are carved out of soft detrital 
rocks which, having no cover of vegetation or forest growth 
to protect them, yield too rapidly to mechanical disintegration. 
Many of the valleys are very deep. By far the deepest of all 
is the Indus valley in Gilgit, which at places is bordered by 
stupendous precipices 17,000 feet in height above the level of 
the water at its bed. That this enormous chasm has been 
excavated by the river by the ordinary process of river- 
erosion would be hard to believe were not the fact con¬ 
clusively proved by the presence of small terraces of river 
gravels at numerous levels above the present surface of its 
waters. 

Lakes. 

There are very few lakes in Kashmir, contrary to what one 
would expect in a region of its description. The few note- 
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worthy lakes are the Wular in the valley; the Tsomoriri m 
Rupshu, which is 15 miles long and 2 to 5 miles wide and about 
15,000 feet high; the Pangkong in Ladakh, which is 40 miles 
long, 2 to 4 miles wide and 14,000 feet in elevation. The 
origin of the two last-named lakes is ascribed by Drew to the 
damming of old river courses by the growth of alluvial fans 
or dry-deltas of their tributary streams across them. These 
lakes have got several high-level beaches of shingle and 
gravel resting on wave-cut terraces marking their successive 
former levels at considerable heights above the present 
level of the water. There arc a iinmber of smaller lakes 
or tarns, both in the valley of Kashmir proper and in 
the bordering mountains, most of which arc rcganled as true 
rock-basins. 

Glaciers. 

In Drev’s work, already mentioned, there is a snow-map of 
Kashmir which f'.umirably show.s the. ])re.sent distribution of 
glaciers and snow-fields in the Kashmir and the adjacent 
regions. With the exception of a few small glaciers in the 
Ohamba mountains, there are no glaciers in the Middle and 
Outer Himalayas at present. In the Zanskar range glaciers are 
numerous though small in size ; only at one centre, on the 
north-west slopes of the towering Kanga Parbat (26,000 feet), 
they appear in great numbers and of large dimensions. One 
of these (the Dayamir) descends to a level of 9400 feet above 
the sea, near the village of Tarshing. North and north¬ 
east of these no glaci(>rs of any magnitude occur till the 
Hunza valley on the south of the Mustagh, or Karakoram, 
range is reached, whose enormous snow-fields are drained by 
a number of large glaciers which are, among the largest glaciers 
of the world. The peak of Kj, on the southern side of this 
stupendous mountain chain, nourishes a number of gigantic 
glaciers some of which, the Biafo, the B4itoro and the Braldu 
glaciers, arc only exceeded in size by the great Humboldt 
of Greenland. There are two classes of these glaciers: those Transrorw 
which descend transversely to the strike of the mountains 
and those which descend in longitudinal valleys parallel to glaoien. 
the trend pf the mountains. The latter are of large dimensions 
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and aie more stable in their movements, bnt terminate at 
higher elevations (about 10,000 feet) than the former, which, 
in consequence of their steeper grade, descend to. as much 
as 8000 to 7000 feet. The Biafo glacier of the Shigar valley 
reaches nearly 40 miles in length and the Hispar 26 miles. 
The lowest level to which glaciers descend in the Kashmir 
Himalayas is 8000 or even 7000 feet, reaching down to culti¬ 
vated grounds and fields fully 4000 feet lower than the lower¬ 
most limit of the glaciers in the eastern Himalayas of Nepal 



Fig. 80.—View of the great B&Itoro Glacier. (From a drawing hy 
Ck>l. Godwin Ansten.) 

Woodcut from Buditnenle of Physical Geography for Indian Students, by 
H. F. Blanford (1^8). (Macmiiian, London.) 

and Sikkim. Many of these glaciers show secular variations 
indicative of increase or diminution of their volumes, but no 
definite statement of general application can be made about 
these changes. The majority of them, like the Tapsa, are 
receding backwards, leaving their terminal moraines in front 
of them, which have become covered by grass and in some 
cases even by trees ; but others, like the Palma glacier, are 
steadily advancing over their own terminal moraines.^ 

There are abundant evidences, here as everywhere in the 
Himalayas, of the former greater development of glaciers, 

* For glaoiera of the Hmza valley, see Bee. 0.8.1. vol. x«v. pts. 3 and 4, 
1907. 
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although there are no indubitable 
proofs of their ever having descended 
to the plains of the Punjab, or even 
to the lower hills of the Outer Hima¬ 
layas. Large transported blocks are 
frequently met with at vtitious 
localities, at situations, in one case, 
but little above 4000 feet. The 
Jhelum valley between Uri and 
Baramula contains a number of large 
boulders of granitoid gneiss brought 
from the summit of the Kaj Nag 
range (to the N.W.), some of which 
are as large as cottages. In the 
Sind valley, near the village of Hari 
(6500 feet) on the road to Sona Marg, 
Drew has seen a well-grooved roche 
moutmtiie. A little higher up, at 
Sona Marg itself (9000 feet), he 
describes undulating valleys made 
up entirely of moraines. In the 
valley of Kashmir proper some of the 
fine impalpable buff-coloured sands, 
interstratified among the Karewa 
deposits, are regarded by some ob¬ 
servers to be glacial mud (“rock 
meal ”). Gulmarg, and, in fact, the 
whole north-east side of the Panjal 
range (i.e. the Kashmir slope), is 
covered thickly under an extensive 
accumulation of old moraine mate¬ 
rials, which have buried all its solid 
geology (see Pig. 31). In northern 
Baltistan, where the existing glaciers 
attain their maximum development, 
there are other characteristic proofs 
of old glaciation at far lower levels 
than the lowest limits of modern 
glaciers; polished rock-surfaces, rock- 
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groovings, perched-blocks, etc., occur abundantly in the 
Braldu valley of this district. Many of the valleys of this 
region in their configuration are of a U-shape, which later 
denuding agencies are trying to change to the normal 
V-shape. 

The well-marked desiccation of the lakes of Skardu, Eupshu 
and the other districts of north and north-east Kashmir, is 
a very noteworthy phenomenon and has an important bearing 
on this question. The former higher levels of their waters 
point to a greater rainfall and humidity connected with the 
greater cold of a glacial period. The Tsomoriri has a terrace 
or beach-mark at a height of 40 feet above the present level 
of its waters. The Pangkong lake has similar beaches at 
various levels, the highest being 120 feet above the surface of 
the present lake. 

STRATIGRAPHY OF KASHMIR 

The late Mr. R. Lydekker, thirty-five years ago, made a 
geological survey of Kashmir. His re.sults were published in 
a Memoir of the Geological Survey of India (vol. xxii. 1883). 
Since 1908 Middlemiss has been working in the same field. 
While the progress of his investigation has upheld some of 
Lvdekker’s conclusions, it has altered others, and at the same 
time brought to light a mass of facts which is new knowledge. 
Lydekker in his prelimuiary survey grouped all the stratified 
formations of Kashmir into three broad divisions—the Panjal, 
the Zanskar and the Tertiary groups—the homotaxial relations 
of whose constituent series and systems were not clearly 
distinguished because of the absence of satisfactory fossil 
evidence. Middlemiss’s researches have revealed a series of 
fossiliferous strata, in different parts of the province, belonging 
to various divisions of the Palaeozoic and the Mesozoic, which 
have enabled him to make a more perfect classification of the 
Kashmir record. Thus he has resolved what was formerly 
one comprehensive group, the Panjal system, which encom¬ 
passed almost the whole of the Palaeozoic sequence, into no 
less than seven well-defined systems or series, the repre¬ 
sentatives of the Cambrian, Ordovician, Silurian, Devonian, 
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Carboniferous and Permian, and the homotaxial equivalents 
of those of the classic ground of Spiti. 

This is a very good example of the way in which geological 
research has progressed in India. In the earlier .surveys, 
where a great extent of new ground has to be gone over in 
an unknown district or province, and where the. affinities of 
the different rock-groups with known horizons are not per¬ 
ceptible, the strata are provisionally grouped into a few 
broad systems; these are further snb-divided into smaller 
divisions, by the help of local unconformities or gaps dis¬ 
cernible in them, and all these newly discovered units, the 
major groups as well as the minor divisions, are na]ne(l after 
the localities in which they are found, their relationships with 
the standard units being remotely indicated by such terms 
as OWer Paheozbk, Corbon-Trm, Terlimj, Pre-Terlmni, etc. 
In the later more detailed and exact surveys, the identity 
with stratigraphical units of adjacent, bt'tter-known areas is 
recognised, a more detailed classification, on a more natural 
basis, is rendered possible by the accumulated fo,ssil evidence, 
and by these means the different sub-divisions are more or 
loss precisely correlated to previously studied roi’k-groups of 
the other parts of the country. On this being accomplished, 
the smaller local names are discarded and a bi'tter and more 
comprehensive system of nomenclature adopted. 

Tim account given in the following pages is deduced from 
the writings of Middlcinks and Lydekker. For more detailed 
information with regard to the whole of the Palaeozoic group 
and the Triassic system, the student should consult Dr. 
Middlcmiss’s original publication, Rec. G.ti.l. vol. xl. 
part 3, 1910. For the remaining systems, especially the 
Tertiary and later formations of Ka,shmir, Lydekker’s work, 
referred to above, is the 0 )dy authoritative work.* 

[The geographical disiiosition of the main sedimentary belt in 
the Kashmir Himalayas calls for an explanation. While in the rest 
of the Himalayas the zone of marini' sediments is wliolly l)eyond, 
t.e. north of, the crystalline axis, in the Kashmir portion the most 
important sedimentary basin lies hetw'cen two bifurcations of 
that axis, and in this way effaces that distinction between the 


• Mm. 0.8.1, vol. xxii. 1883. 
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“ Himalayan ” and “ Tibetan ” zones so clearly marked in the 
other parts of the mountains. 

The distinetion between the middle (Himalayan) and the outer 
(Sub-Himalayan) zones is, however, as clearly observable in 
this as in the other parts of the Himalayas. 

In the province of Hazara this confusion between the three 
Himalayan stratigraphic zones is still more marked.] 

The table on pp. 346, 347 gives an idea of the geological 
record as exposed in Kashmir. 


THE ARCHAEAN SYSTEM 
"Central Gneiss.” 

Crystalline metamorphic rocks, gneisses and schists occupy 
very large areas in Kashmir to the north of the Outer Hima¬ 
layas, forming the core of the Dhauladhar, the Zanskar and 
the ranges beyond, in Ladakh and Baltistan. These were 
called “ central gneiss ” by Stoliezka, and were all regarded as 
Archaean in age. Later investigations, especially those of 
General MacMahon, have proved tlia;, much of this gneiss, as 
is t he case with the whole of the Himalayas, is not of Archaean 
age, but is of intnisive origin, which has invaded rocks of 
various ages at a number of different geo'.r.gical periods. 
Also a great part of the crystalline schists and gneisses may 
be regarded as highly metamorphosed sedimentary formations 
of later ages. It is, however, very difficult to separate these 
different elements of the great basement complex—the truly 
Archaean gneisses and schists (the representatives of the 
Archaean system of the Peninsula)—from the granitic intru¬ 
sions and the metamorphosed sediments. The gneisses have 
assumed a coarse granitoid aspect, while, owing to extreme 
dynamic metamorphism, the very much later intrusive 
granites have developed a gneissose or schistose structure. 

In composition the gneiss often resembles a granite; and 
in a few cases, where the foliation is rudely developed, it 
resembles it in structure as well. Pink-coloured orthoclase 
is rare, so is also muscovite ; the main mass of the gneiss 
being made up of milk-white felspar with quartz and a very 
conspicuous quantity of biotite, arranged in schistose or 
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lenticular manner, the foliation being fine or coarse. This 
biotite gneiss is the most prevalent Himala 3 'an gneiss from 
Kashmir to Assam. It is a coarse, often porphj'ritic, gneiss, 
with phenocrysts of orthoclase as large as two inches, giving 
rise sometimes to an apparent /iM^en-structure. At times its 
place is taken by hornblende-gneiss. Accessory minerals are 
not common, except garnet. Chlorite is often found replacing 
both biotite and hornblende. The felspar is generally deeply 
kaolinised. The gneisses are traversed by numerous veifts 
of true intrusive granite, varying from a foot to as much 
as twenty feet in breadth, which in some cases penetrate the 
overlying sedimentary strata also. These intrusive veins show 
a greater divergence in their composition than the main mass 
which they traverse, often carrv'ing, besiiles the ordinary con¬ 
stituents, such minerals as oligoclase, jiiicrocline, quartz, itiusco- 
vite, tourmaline (both the black variety, schorl, and the coloured , 
transparent varieties, rubelliteand indicolite); also occasionally 
beryl (aquamarine), fluor-spar, garnet, corundum, sapphire*, 
etc. Next to gneiss, the most >isual rock is biotite-schist, 
passing into fine, thinly foliated, silky schists, such as 
hornblende,- clilorite-, talc-, muscovite-, etc. Phyllites are 
also abundant with wcll-de,vehq)ed foliation planes, puckered 
or wavy. 

With regard to the distribution of the gneissic rocks in the distribution. 
Kashmir area, the main crystallini^ development is in the north 
and north-east portions of the States while in the ranges to 
the south of the valley they play but a subordinate part. 

The core of the Dhauladhar range* is feirnied of thevse reicks, 
but they are not a very conspicueeus ceuiquinent of the Pir 
Panjal range (which is mostly forineel of a basic anelesitic 
lava). The trans-Jhelum continuation of this range*, known 
as the Kaj Nag, has a large*.r eleveleepment of the. crystalline* 
core. A broad area of Kishtwar is also occupied by the.se 
rocks. But a far more extensive de>.ve;lopmei\t i)f the cry¬ 
stalline schists is in the Zanskar range, and in the region lying 
beyond it to the north. It is from the circumstances of the 
prominent development of the crystalline core in this range, 
in continuity with the central Himalayan axis, that the Zan¬ 
skar range is regarded as the pruicipal continuation of the 
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Gieat Himalayan chain, after 
its bifurcation at Eangra. The 
other branch, the Pir Panjal, is 
regarded only as a minor off¬ 
shoot. North of the Zanskar 
the outcrop of the crystalline 
series becomes very wide, en¬ 
compassing almost the whole of 
the region up to Karakoram, 
with the exception of a few 
sedimentary tracts in the central 
and south-east Ladakh. The 
component rocks over all these 
tracts are gneisses and mica-, 
hornblende-, chlorite- and talc- 
schists with copious intrusions 
of granitic veins and masses. 
In the west and north-west of 
Baltistan, Gilgit and the adjoin¬ 
ing districts, the Archaean, or, 
at any rate, the crystalline 
metamorphic rooks attain again 
an enormous development. 

PALAEOZOIO GROUP 

EUipte of Fossiliferous Palaeozoic rocks 

Kashmir occupy an elongated 
ellipse-shaped patch of the 
country north of the alluvial 
part of the valley, stretching 
from the Lidar to the south¬ 
east end of the Kashmir sedi¬ 
mentary “basin,” where it 
merges into the Spiti basin. 
The long axis of this ellipse, 
north-west to south-east, corre¬ 
sponds to the axis of a broad 
anticlinal flexure, in which the 



(Hiddiemiss. Rte, O.S.l. vol. 3d. pt. 3.) 
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whole series of Palaeozoic rocks is folded. Denudation has 
exposed, in the central part of this anticlinal, a broad oval 
outcrop of the most ancient fossiliferous rocks of Kashmir— 
the Cambrian and Ordovician-flanked on its two sides succes¬ 
sively by thinner bands of the younger formations, Silurian, 
Devonian and Carboniferous (see PI. VIII), Palaeozoic 
rocks, especially of the younger systems, are also conspicuous 
in the Vihi district and, to a less degree, on the Pir Panjal, 
while the great series of volcanic rocks of Upper Carboniferous 
age are quite ubiquitous in their distribution over the whole 
area of Kashmir, forming the main mass of the Panjal range 
and of the smaller hills bordering the valley to the north and 
north-east. But the above-noted Palaeozoic area is the most 



8.W. n.e. 


FIG. 33.—Section across Lldar valley aiitioHne, 
(Mlddlemlss, litc. Qtological Survey of India, vol. xl. pt. 3.) 


illustrative and typical, and coinptLes, within a small geo¬ 
graphical compass, the records of a large section of the 
geological history of the Kashmir region. This area is of 
further importance as illustrating the simplicity of structure 
' of this part of the Himalayas. 

The ellipsoidal patch that has resulted by the denudation 
of the anticline is transversely dissected by the Lidar valley, 
one of the most favourite routes of the Kashmir tourist, 
leading to the hill-station of Pahlgam or the famous ice-cave 
of Amar Nath. At places, nut very remote from the main 
way, good natural clear sections of the rock-systems of Kashmir 
are to be seen, with several fossiliferous localities, from 
which collections can be made and sketches illustrating 
the relations of the various series obtained. Another good 
natural section of the Palaeozoic succession is to be seen along 
the course of a small stream, the Arpat river, by a way leading 
from Achabal to the Hairbal Galli. 
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The student must constantly have before him the topo¬ 
graphic map of Drew and also the smaller but more useful 
geological map by Middlemiss published in Rec. vol. x). 
part 3, reproduced in PL XIII. 


CAMBRIAN? AND ORDOVICIAN 

The rocks of these ages occupy a rather extensive tract in 
the shape of an oval in the middle of the anticlinal arch 
referred to above (see Fig. 32). A conformable passage can be 
traced from fossiliferous Silurian .strata to a thick group of 
beds below, from which circumstance and from the evidence of 
their distinctly sedimentary origin, Middlemiss has ascribed 
to them a Lower Silurian or Ordovician age, attributing a 
still older (Cambrian) age to a group of strata lying conform¬ 
ably below the latter. Conclusive fossil evidence is wanting 
in both the.se groups of strata, either in the total absence of 
fossils, which is the case with the lower of the two groups, or 
in the highly obscure nature of what are undoubtedly organic 
relics, which characterise the upper, which is provisionally 
regarded as Ordovician. 

In composition the rocks are thin-bedded argillaceous, 
siliceous and micaceous slates, often interbedded with 
compacted arenaceous and calcareous beds, recalling, in their 
peculiar lithology, the rocks known as greiiumkes in England. 
They are of a dull, grey monotonous colour. An imperfect 
cleavage is observed in them which sometimes approaches to 
an incipient schistosity. In the Wardwan valley the grey- 
wackes and slates have developed a distinctly phyllitic or 
schistose aspect owing to the metamorphism brought about 
in them by granitic intrusions.. 

In their structural relations, the greater part of these 
oldest sediments show but little evidence of any contortion 
or overfolding ; on the other hand, they exhibit quite a simple 
structure. They have shared in the general anticlinal folding 
of rocks of the district, the dips being rather high on the 
south-west side of the anticlinal, approaching to verticality 
near the south-east end (at Gudramer). 
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In the Ward wan valley the sanie rocks reappear by a syn* 
clinal bending underneath the younger strata of the intervening 
tract of ground. 


SILURIAN 


Round the oval expanse of the rocks just described, there Di»tributioii, 
runs a thin but continuous band of unniLstakable Silurian 
strata, from which well-preserved Silurian organisms have 
been obtained. These rocks are continuously met with on 
the north-east side of the anticlinal from the neighbourhood 
of Eishmakam in the Lidar valley to Lutherwan in the 
Wardwan valley. On the south-west flank the outcrops are 
not as continuous, being hidden under the recent alluvium of 
the Lidar and Arpat streams and their tributaries. 

Lithologically the strata bear close resemblance to the Hooka, 
underlying Cambrian and Ordovician, being composed of 
sandy shales or shaly sandstones with impure yellow limestones, 
but they are distinguished by the presence of a well-preserved 
suit of fossil organisms. Limestones and calcareous rocks 
are less common than in the corresponding rocks of Spiti. 

The aggregate thickness of the fossil-bearing Silurian strata 
is only 100 feet, but the oi^anisms preserved in them 
leave no doubt of their age, thus denoting a highly valued 
geological horizon in India. They olTer one of the few 
instances, in the whole of the Indian region, where a well- 
defined Silurian fauna occurs. The student should here 
remind himself that a fossiliferous Silurian horiz(jn exists in 
the Central Himalayas above thi; Haimanta system of Spiti 
and in the neighbouring area of Kumaon and Garhwal; a 
second example is the Shan States of Upper Burma. The 
occurrence of Silurian rocks is suspected, on strong litho¬ 
logical grounds, in Hazara and farther west in Chitral, but 
no fossil has been obtained from these localities hitherto, 
and their definite correlation is a matter of doubt. 


Fossils.^ 

The principal fossil is Orthis, which occurs in a large number Ptxilfc 
of species. Other Brachiopods belong to the genera: Leptaenia, 

* Cowper Reed: “ Silurian Fossils from Kashmir/’ Rec. vol. xlii, pt. 1. 
w.o I. z 
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Strophodonta, Atrypa, Meristella, Crania, Strophomena, Cotuihi- 
diutn. 

Of Trilobites the following genera occur: Calymene, 
lUaenus, Phacops, Addaspis, Encrinurm, Beyrichia. 

The Cephalopods are represented' by Orthoceras and 
Cyrloceras. 

Some corals, among which are Alveolites, Petraia or 
Lindstraemia. 

The absence from this fauna of the well-known Silurian corals 
like Favosites, Heliolites, CyatdiophyUum, Syringopera, etc., 
which are present in the homotaxial deposits of Spiti, is note¬ 
worthy. The evidence of the other fossils, however, points to a 
similarity between these two deposits, a correspondence 
home out by all other subsequent formations. 

DEVONIAN 

Occurrence. The Devonian of Kashmir comes conformably on the group 
last described. Its outcrop follows the outcrop of the Silurian 
in normal stratigraphic order and is co-extensive with the 
latter. Devonian strata are well seen on both the flanks of 
the Lidai anticlinal as thin bands ; they are also well exposed 
in the Wardwan district, where their re-appearance is due 
to a synclinal folding. 

Petrology. The rocks regarded as Devonian are a great thickness of 
massive white quartzites. This rock, both in its composition 
and texture as well as in its stratigraphic relations to the 
rocks below and above it, exactly resembles the Muth quartzite 
of Spiti and Kumaon, which has been regarded as Devonian. 
As in Spiti, these massive beds of quartzite, reaching the enor¬ 
mous thickness of 3000 feet at places, are totally devoid of 
any fossil-remains. The inference of their age, therefore, is 
solely based on their stratigraphic position : the Muth quart¬ 
zites rest normally between fossiliferous Upper Silurian beds 
below and fossil-bearing Carboniferous beds above, whose 
fossil organisms indicate Lower Carboniferous affinities; 
it isf therefore, reasonable to infer that the Muth quartzites 
are Devonian in part at least. Such evidence, however, 
cannot be quite decisive, and it is possible that part or 
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whole of the Muth quartzite series may ultimately prove to 
be of either of those ages—Upper Silurian or Lower Car¬ 
boniferous or both. Outcrops of the Muth series are easily 
detected by the prominent escarpments and clifis wliich it 
forms, due to the harder and more compact quartzites resisting 
the action of the denuding agencies better than the underlying 
slates. 

LOWER CARBONIFEROUS 

Syringothyris Limestone Series. 

Next in the order of superposition is a series of limestone Distribution, 
strata lying conformably over the Muth quartzites. The 
outcrop of this limestone forms a thin band bordering the 
north-west half of the ellipse we are considering; it cannot be 
traced further eastwards, being to a great extent hidden under 
superficial deposits such as river alluvia. It has also suffered 
greatly by the overlapping of the Panjal traps, which approach 
it from the north by successively overlapping the yoimger 
series. The present series is well exposed at Eishmakam 
and Kotsu, which are good localities for collecting fossils. 

The rocks composing the Lower Carboniferous of Kashmir 
are mainly thin-bedded flaggy limestones of a grey colour. 

The calcareous constitution of this scries readily distinguishes 
it froni the older series, which arc devoid of strata of lime¬ 
stone. The limestones are crowded with fossils principally 
belonging to the brachiopod class. The most frequently Lower 
occurring brachiopod, which characterises the series, is 
Syringothyris euspidata. This is a valuable index fossil, 
being also very typical of the Lipak series of Spiti. Chmsles 
is found in large numbers, together with many species of Pro- 
dvclus, of which the species P. cora is the most common, while 
P. scabriculus and P. reticukUus are not so abundant. Alhyris, 

Derbyia and Rhynchonelki are among other brachiopods. 

The age of the Syringothyris limestone series is determined 
by that of the Lipak series, with which it shows exact 
parallelism. From the association of Syringothyris euspidata 
with species of Trilobites (Phillipsia), regarded as Lower 
Carboniferous, in the lipak group of Spiti, Hayden has 
ascribed to that group a Lower Carboniferous horizon. 
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Passage bods. 


Distribution. 


Lithology. 


MIDDLE (?) CABBONIFERODS 


Fenestella Shales. 

Overlying the upper beds of the Syringotbyris limestone 
there comes some thickness of unfossiliferous quartzites and 
shales before the first beds of the characteristic Fenestella- 
bearing strata begin. These intermediate beds in their 
composition are allied to the upper group—the Fenestella 
shales to be presently described—but since they contain 
no fossils proper to that series, they arc regarded as “ passage 
beds ” between the two series. 

In distribution this group is even more, restricted than the 
last-described, being confined only to the north-west part of 
the ellipse of Palaeozoic rocks where it broadens out in'an 
expansive outcrop overspreading the country around Is'- 
hindajjar to the left side of the Lidar valley. To the south¬ 
west the series is totally missing, having been obliterated by 
the overlap of tlu- Panjal lavas. On the north flank of the 
anticlinal, the outcrop stops .short at the llairbal Galli, while 
on the south it does not appear at all. 

Lithologically the Fenestella shales are a great thickness (more 
than 2000 feet) of thickly bedded quartzites interstratilied 
with blackish shales. The shales an; more prevalent at the 
base, becoming scarce at the middle and top. The shales 
are the only fossil-bearing horizons in the series, iMiing rich 
repositories of fossil polyzoa—which gives the 
name to the scries—brachiopods, corals and lamellibtanchs. 

The following is a characteristic section seen at Lehindajjar: 


I’onjal conglonierste-.sliites. 


Fenestella 

shales. 


Upnormost Fenestella shales, not thick. 

Unfossiliferous quartzites and shales, 
600-600 ft. 

Black sandy shales with FcnealtUa, 100 ft. 

(Quartzite, 60 ft. 

Greyish shaly sandstone, obscure fossils, 
200 ft. 

Dark shales fall of Femtldla, corals, 
brachiopods, lamellibranchs, 150 ft. 

Quartzite, 100 ft. 

Sandy shales, full of Productus and other 
fossils, 600 ft. 

Base nut seen. 


Upper 

Cubooiferous. 


Middle 

Carboniferous. 

(») 
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The most abundant fossils are casts, often ferruginous, of Fauns, 
species of Feneslella, the impressions of whose fan-sliaped 
zoaria are preserved in countless numbers, often in great 
perfection. Bracliiopods are also abundant in number as well 
as in species. The most commonly occurring are : Spirifer (S. 
Middlemissii and S. Yaruna), Proditctiis uinlatim, P. com, 

P. lidarensk, P. Spitiensi't, P. scabriodioi, Dwksma, Uncinclln, 
Auhsteges, Canmrophorm, Rhijnchondki ; the lamellibranclis are: 

Modiola and A vkulo[mien ; some pygidia of PhiUipsiti,. Bi‘side.s 
FenesteUa another polyzoon, though very rare, is Prolnrelepora. 

The two must be carefully (li.stinguished, for the latter genus 
characterises a younger series of beds which lies over the 
Panjal trap series. 

The fauna of the Fenestella series possesses, according to A*« uf Uio 
Dr. Diener, strikingly individual characters of its own. Many Jg®"“***** 
of the fossil forms arc quite sireeial to it, bearing no relations 
to any definite Carboniferous horizon. For this reason their 
stratigraphic, jxisition Ls dubitable, and may be any between 
Lower and Upper Carboniferous according to the, same 
authority.* 

The disposition of the outcrops of the Fenestella shales 
reveals the c.xistcnce of a dip-fault travc^rsing it alotig the 
Lidar basin. The actual fault is notsee.n, but its cifeet upon 
the outcrop on the two banks of tim riviu is <piitc appanmt. 

The. exposure on the left bank lies much higher up the river 
than the right bank outcro]). This is in conseipienci! of a 
lateral shift (heave) produced by a fault cutting iw^ro.ss the. 
strike of the beds. 

UPPER CARBONIFEROUS 
The Panjal Volcanic Seriea 

Agglomerate Slates and Traps. -During the last stage of the Middle Car- 
deposition of Fenestella shale-beds, the physical geography of 
the Kashmir area underwent a violent change, and what was moveniontu 
before a region of quiet marine sedimentation was convertsrd 
into a great theatre of vulcanicity, whereby an enormous 
superficial extent of the country was converted into a volcanic 
‘ Uener, Pal. Mica, vol. v. mom. 2, 1915, New Boriw. 
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region, such as Java and Sumatra in the Malay Archipelago 
of the present day. The clastic and liquid products of these 
volcanoes buried large areas of Kashmir under thousands of 
feet of lavas and tuffe. The volcanic activity was moat 
intense during the Upper Carboniferous when it reached its 
climax, after which it diminished greatly, though at isolated 
centres it persisted up to the Triassic period. 

Physical The earth-movemcnts and physico-geographical revolutions 
end o7 * * "'ith which this igneous outburst was associated in the Kash- 

Drsvidisn niir area, were connected and contemporaneous with the crust- 
movements in other parts of India at the end of the Dravidian 
era. This was the epoch of many far-reaching changes on the 
face of India, as we have seem in Chapter VIII. These changes 
introduced a temporary continental phase in Kashnur suc¬ 
ceeding the Dravidian marine period and preceding the Aryan 
gcosyticlinal period. In the interval of this land epoch 
Gondwana conditions invaded Kashmir, convertmg it in fact 
into a north-western province of that continent. As the 
volcanic fires quieted dow'ii, the fern and conifer, the fish and 
amphibian migrated from the south-east lands and peopled 
Kashmir. 

This land epoch in the history of Kashmir was, however, of 
but short duration. For the sea soon resumed its hold over 
this area in the Permian times and commenced to throw 
down its characteristic deposits on the geosynclinal of the 
Tethys, which once more brought Kashmir within the 
“ Tilxitan ” zone of the Himalayas. The Permian of Kashmir, 
as we shall see, is both in its physical and biological characters 
on a par with the Productus limestone of the Salt-Range and 
the Productus shales of Spiti and other Himalayan areas. 

Pai\jal Volcanic Series. 

Rocks of this scries are divisible into two broad sections : 
the lower—^a thick series of pyroclastic slates, conglomerates 
and agglomeratic products, some thousand feet in thickness, 
and called by Middlemis? the “ Panjal agglomeratic slates ”; 
and the upper—^the “ Panjal traps,” an equally thick series 
of bedded andesitic traps generally overlying the agglome- 
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rates. The series covers an enormous superficial area of 
the country, being only next in areal distribution to the 
gneissic rocks. 

It is specially well developed in the Panjal range, of which Distribution, 
it'forins the principal substratum, bt’ing visible as prominently 
on its sides and summit, as in its centre, for the entire lengtli 
of the range from the Jhelura to its termination at the Ravi 
(see PI. XV.). This circumstance gives the name Panjal to 
the series. They also form the black hill-masses on the north¬ 
west Continuation of the Zivnskar range, beyond Nun Kiui to 
as far as Hazara. The Panjal slates and volcanics an; also 
developed in Ladakh, extending further to the north-east in 
the direction of the Changchenmo valley to the very farthest 
borders of the Kashmir territory. A few outliers of the same 
rock are met with in Baltistan as far north as Skardu. 

The stratigraphical position of these deposits is noteworthy. 

They come between the two great series of marine fossiliferons 
deposits—the Dravidian and Aryan -and thus 8erv(( to fill up 
the gap represented elsewhere in India by a pronounced 
unconformity of deposition, representing a iwriwl of crust- 
movements and geographical revolutions. 

The mode of origin of the lower part of the Panjal volcanic .Vaturo ufUi# 
series, or what has been called the “ agglomeratic ” slates, 
is not easy to imderstand. Much of it is composed of a fitie 
greywacke-like matrix with embedded angular grains of Tlio nature of 
quartz. But the rock does not apjaar to be an ordinary 
sedimentary deposit, inasmuch as the emljcdded fragment* 
are quite angular and often become very large in size at 
random. They are pieces of quartz, porphyry, tourmaline- 
granite, slate, etc., irregularly dispersed in a fine-grained 
matrix. The matrix is also of a doubtful description, suggMt- 
ing neither in its structure nor aspect any definite mode of 
formation. For ought one can say from its appearanr.e, it 
might have been a volcanic ash or glacial mud just as much 
as ordinary clastic clay. The rock is generally unfossilifentus 
throughout, though recently at a few localities several in¬ 
teresting suites of fossils have been discovered by Middlemiss 
and the late Mr. Bion, which are identical with torras 
entombed in the underlying Fenestella series. That such a 



360 GEOLOGY OF INDIA 

rock could not have been the product of any simple process 
of sedimentation, whether subaerial or submarine, is quite clear, 
and the origin of the deposit so widespread and of such uniform 
character is a problem. 

One view is that the rock is a joint product of explosive 
volcanic a(!tion, combined with ordinary subaerial deposition ; 
t he other, a diatnetrically opposite view, is that it is due to 
frost-action under glacial or arctic, conditions, the frost- 
wcatherc'd debris being subsequently transported by floating 
ice-masses to lakes. Middlemiss favours the former view, as 
being more in keeping with the actual circumstances of the 
ease and as congruent with the lava-eruptions that succeeded 
it; though he points out that the absence of glass-particles, 
pumice fragments and other products usually associated with 
tuffe, is irrecoticiliable with this view. The presence of Lower 
(londwana plants in beds immediately overlying the volcanics 
fav'ours the inference that the slate-conglomerate is a glacial 
deposit corresponding to the Talchir boulder-beds. No 
facetted or striated pebbles arc, however, found in the slates, 
which, on the contrary, arc frequently quite angular. The 
following section deducerl from Lydekker gives a general idea 
of the rocks of the Panjal series : 

'6. Traps, several thousand feet thick, in sheets 1 to 
20 feet each. 

4. Greenish slates and sandstone.s with amvitdaloidal 
traps. 

3. Wack and green slates with thick l)eds of conglome¬ 
rate containing sub-angular pebbles of quartzite 
and slate. 

2. VV'hitiiih quartzite and sandstones. 

1. Black schisty slates with angular or sub-angular 
jiehbles of gneiss and quartz. 

Panjal lavas Over the agglomeratic slates then^ conics a great thickness 
of distinctly bedded massive lava-flows. In composition the 
lava is a basic variety of augite-andesite, of a prevailing dark 
or greenish cclour, the green colour being due to the alteration 
Petrolog}-. of augite and other constituents into epidote. The rock is 
usually non-porphyritic and very compact in texture, but 
porphyritic varieties are sometimes, and amygdaloidal varieties 
are often, met with. In microscopic structure the lavas are a 
micro-crystalline aggregate of plagioclase felspar and finely 


Aggregate 
tiiicknesd 
some thou¬ 
sand feet. 
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granular augite, with traces of yet imdevitrified glassy matrix. 

Magnetite is very common in irregular grains and crystals. No 
olivine is present, nor any well-fornuHl crystals of angite. The 
structure is hemi-crystalline throughout, only minute prisms 
of white turbid felspar being detected in a iincly granular 
aggregate, but in some varieties there are large prismatic 
phenocrysts of felspar arranged in star-aha))ed or riuliating 
aggregates giving rise to what is called (jhmcro-fmphyrHic 
structure. Some varieties are amygdaloidal, the. amygdales 
being composed of silica or epidote or some zeolites. The lavas 
often show widespread alteration. Devitrification is most 
common. Green chlorite, is commonly present in the felsjmrs. 
and epidote is a very frequent secondary product resulting 
from the interaction between augite. and ]tlagioclase 
(epidotisation). 

When the lavas are interbedded with the slates, the contact 
metamorphism induced in both the rocks is of very intense 
degree, the two becoming quite indistinct from each other. 

At Gagribal, near Srinagar, such an intimate asswiation of 
the two kinds of rocks is seen (resembling the lU-pm-Iit intru¬ 
sion of the plutonic rocks). 

The individual flows vary in thickne.ss from a few inches 
to twenty feet or more. There are no seilinientary int<‘rcalate<l 
beds of the nature of “ inter-tra]q)ean Issls. Tliis shows 
that the eruptions succeeded each other with comparative 
rapidity and, therefore, the entin^ Panjal tra]) series rej)resents 
a comparatively small inti^rval of geological lime, 'Ihe total 
aggregate thicknessof the lavu-ilows measures several thousands 
of feet. The dips vary from place to place in the great (extent 
of the comitry they cover. In the area of Kashmir we have, 
been describing, they have shared in the general anticlinal and 
synclinal flexures of the. hills. 

The upper limit of the Panjal lava-flows is usually clearly ^*)^*^|* 
defined, being fixed by the directly overlying |)lant-tx!aring „f 

beds of I>ower Gondwana (Talchir) facies, whi.di in turn are I'anjal lavs., 
immediatelv succeeded by marine Permian rocks. In one or 
two cases, however, the flows have; be,(*n found to extend to a 
much higher horizon, as far as the Triassic, a few flows l)eing 
foimd locally interbedded with limestone of that age. In 
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general the Panjal volcanoes ceased their eruptive activity 
at the beginning of the Permian. These sabaerial volcanic 
eruptions therefore bridge over the gap which is usually 
perceived at the base of the Permian in all other parts of 
India. 

In addition to lava-flows there are seen dykes and laccolithic 
masses of the same magma, cutting through both the Panjal 
slates and through the Fenestella shales in several parts of 
Kashmir. 


LOWER OONDWANA BEDS 
Oangamopteris Beds. 

Distribution. The Panjal traps ace directly and conformably overlain in 
several parts of Kashmir by a series of beds of siliceous and 
carbonaceous shales containing the ferns Gangamopleris and 
(ilossopteris, so eminently characteristic of the Talchir series 
of the Peninsular Gondwanas. The Gondwana plant-bearing 
beds have been met with at several localities, e.g. on the 
north-ea.st slopes of the Pir Panjal, where they overlie the 
traps and underlie the Permian and Triassic limestone. They 
are also met with in the district of Vihi. Of these, the expo¬ 
sures at Risin and Zewan in the Vihi di.strict are the most 
noteworthy because of their directly overhung fossiliferous 
Permian strata, a circumstance which clearly establishes 
their exact stratigraphic horizon. This is illustrated in 
the section in Fig. 34, p. 365. This series of beds is 
known as the Gangamopteris beds from the most pre¬ 
valent fern, impressions of whose leaves are well preserved 
in the black or grey shales. -A fossiliferous outcrop of 
these beds is visible at the Golabgarh pass of the Pir Panjal, 
one of the passes on the range leading from the province of 
Jammu to Kashmir. Another is seen in a ravine (the 

Lithology. Gurvud ravine, a favourite shikaring spot), near the village 
of Khunmu. The Gangamopteris beds are composed of a 
variable thicbiess of cherts, siliceous shales, carbonaceous 
shales, thin-bedded limestones and flaggv- siliceous beds of 
quartzite. The thickness varies from a few feet at some of 
the Vihi outcrops to some hundreds of feet in the outcrop at 
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the Fanjal range. A peculiar rock of this series is a “ nova- 
culite,” well seen at Barus and at Khunmu. It is a compact 
^ chert-like rock of white or cream colour, forming the base 
of the series and directly overlymg the traps. It is 
intimately associated with, and often replaces, crystalline 
limestone at the base of the series. Dr. Hayden thinks tliis 
rock to* have originated from the limestones by the meta- 
somatic replacement of calcite by silica, the silicification of 
limestone proceeding imdcr solfatarie conditions which must 
have largely prevailed in Kashmir on the cessation of the 
Fanjal volcanic eruption. The oolitic and other structures 
of the original limestone are clearly visible in some sections 
under the microscope. The black shales of many of the 
outcrops of the Gangamopteris beds ani likewisi' frequently 
silicified. The section below gives the chief com{M)ncntB of The 
thciserics viewed at the Golabgarh Pass.* t.oUbgwh 


2ewan series. 


Osogs- 

raoptcris 

beds. 


ProtoreU^pora limostom*. 


■ Earthy sandetonoH. calea- ' 


roous above, {lasi^ing 
into Zewan iimestont's. 

230 ft. 

Hard, compact black nhalcH 


with GmsopUris ; hard 


grey sandstones and in* 
t«rbeddcd shales with 

400 ft. 

PsygmophyUum, Onngn- 
mo'^eria and Veriehrarxa. 


Thin-beddod, buff-coluuriMl 


compact siliceous and 
carbonaceous shales. 

180 ft. 

.Basal conglomerates. 

Oft. 


I’ermisii. 


Lower Gonciwana. 
(I’erino- 
t'arlioniferous.) 


Panjal traps and asli.lasL. | Upper 

; Carboniferous. 

The Gondwana fossils comprise impre,ssions of the leaves of Komita. 
ferns, equisetums, conifers, etc., together with parts of the 
skeletons of labyrinthodonts and fishes. The plants are 
chiefly obtained from the Golabgarh outcrop, while the verte¬ 
brate remains were obtained from Khunmu. The plants 
include a species of Gangamo])lem sufficiently distinct from 

‘ Bliddiemias, lUc. 0.8.1. voL xzxvii. pt. 4. 1909. For another eeotjon 
•t Zewan« see Hayden, Rec. 0.8.1. toI. xxxvi. pt. 1,1908. 
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those of the Peninsula to be named G. Kashmirensis. Other 
fossils are Glossopleris indica, Yertebraria indica, Ccdlipteridium, 
Cordailes (resembling Noggerathiopsis) and leaves of Psygmo- 
phyllum-, a conifer genus related to Ginkgo. The vertebrate 
fossils consist of the scales, fins, portions of skulls, a mandible, 
and fragments of the hind-limbs of AiMyplerns (a cartila¬ 
ginous ganoid fish), together with fragmentary’ remains of a 
species of labyrinthodont Archegosaurus. 

Ago. The exact horizon represented by the Gangamoptcris beds, 

in terms of the typical Gondwana sequence, is denoted by the 
typosGangamopleris and Glossopleris, the former suggesting the 
lower (Talchir) stage, the latter the upper (Karharbari) stage 
of the Talchir series. These plants, moreover, resemble the 
characteristic Lower Gondwana types of South Africa, Aus¬ 
tralia and other comitrics of the Southern Hemisphere, and 
are thus very interesting as affording us a glimpse into,the 
geography of the northernmost limit of the Gondwana con¬ 
tinent which com])ris(!d within its boniers all these countries. 

The association of the Ijower Gondwana beds with marine 
strata below and above them (viz. the Upper Garboniferous 
Fenestella shales and the Permian Zewan bwls) is an event of 
the greatest importance in the stratigraphic records of India. 
It has helped to solve one of the most difficult problems of 
Indian geology—the settlement of the precise horizon of the 
Lower Gondwana system of India. 

THE PERMIAN 

The Zewan Series. 

The Zowau The Permo-Carboniferous series of deposits, the local repre¬ 
sentative. of the ^roductus limestone of the Salt-Range 
and of the Productus shales of Spiti, makes a very well-marked 
horizon in the geology of Kashmir. These deposits have 
been known suice an early date as the Zewan beds, from their 
exposure at the village of Zewan in the Vihi district. At 
this particular locality the Gangamoptcris beds are overlain 
by a series of fossiliferous shales and limestones containing 
crowds of fossil bracliiopods and polyzoa. In other parts 
of Vihi this series is more hilly formed, the portion 
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representative of the typical Zewan section being succeeded by 
another thick group of limestone and shales underlying the 
Lower Triassic beds. The term “ Zewan series ” has conse¬ 
quently been amplified to receive the entire succession of 
beds between the Gangamopteris and the Ijower Triassic beds. 
The base of the Zewan series is argillaceoiLs in composition, 
the shijes being crowded with the remains of Protorekforu, 
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a polyzoon resembling FemMelht. Tln^ ui)i)er ]>art is cal¬ 
careous, the limestone strata pr(“|)oiKlernting. In a fiw shales 
intercalated among the latter, is contained a fauna reswnbling 
that of the Productus shales of S]iiti and other parts ol the 
Central Himalayas. Over the top of the series there, lie thhi 
bands of hard limestone and shales bearing Pmuhnmmti^, 
VambUes and other ammonites, marking a Lower Trias limit. 

A thin but contmuous band of Z<nvan rocks is seen along 
the south-west hills of Vihi, which is co-cxt«nsive with the 
much more prominent Triassic outcrop. 
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The following section, very well exposed in a ravine near 
Khunmu (Guryul ravine), is reproduced from the writmgs of 
Middlemiss (friec. 6.S.I. vol. xxxvii. pt. 4, 1909) and Hayden 
{Rec. G.S.I. vol. xxxvi. pt. 1,1907): 

Meekoceras zone of the Lower Trias. 

Shales and limestone, thin-bodded. Fossils: Pseudomonotis^ .qq 

BeUerophon, Darmhitea, PUmingites. / 

Dark arenaceous shales, micaceous and carbonaceous, with) 

limestone intercalations at base. Fossils : Marginifera [ 300 ft. 
Himalayenait, Paeudomonolia, etc. j 

Shales and limestone, crowded with Prolorelepora, Athyria\ 

Boyaaii, Prodmlua, Dieleama, etc. ) 

Dark grey limestone with shale partings. Fossils: Athyria,] 

Notothyria, etc. j ™ 

Novaculites and other siliceous strata of the Gangamopteria beda. 

Fossils. Fossils are present in large numbers in the Zewan beds. 

They include one NmUilus ajid two genera of ammonites, 
Xetufspis and Popanoceras. The lamellibranchs are Pseudo- 
nimotis, Avkulopectm and Schizodus; but the most pre¬ 
dominant groujis are the brachiopods and polyzoa. The 
former are represented by Product m coxa, P. spiralis, P. 
purdoni, P. gangetievs, P. indicus, Spirifer rajah (the moat 
numerous), Dielesma, Marlinia, Spirigera, Spiriferina, Margini- 
fera Vihiana M.Uimalayensis,LgUoHia,Camarophoria,Chonetes, 
Dcrhyi, etc. Among polyzoa the species Protoretepora ampla 
is present in overwlu'lming numbers at some horizons. Its 
fan-shaped reticulate-structured zoaria resemble those of the 
Fetmlella, but the former belongs to a slightly different zoo¬ 
logical family. Acanihochdia also is a frequent form. Am- 
plexus and Zaphrentes are the more common corals. 

Age of the From the palaeontological standpoint the Zewan series is 

Zeweneencs. (-orrclated to the Permian system of Europe, a conclusion 
amply corroborated by the stratigraphic relations of the series 
to the Lower Trias. An interesting fact revealed by the Zewan 
farm a is the exact parallelism of these deposits with the 
middle and upper part of the Productus limestone of the Salt- 
Range, most of the genera and many of the species being 
common to the two regions. A comparison of the faunas with 
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the Productns (Kuling) shales of the Central Himalayas also 
brings out the closest zoological afiinities between those tliree 
homotaxial members of the Indian Permian and Permo- 
Carboniferous systems.* 


TRIASSIC 

The Trias of Kashmir, in common with the whole length of The Trite of 
the North Himalayas from the Pamirs to Nepal, is on a scale 
of great magnitude. A superb development of limestones and 
dolomites of this system Is exhibited in a series of jiicf uresque 
escarpments and cliffs forming the best part of the scenery 
north of the river. The Trias attains great dimensions farther 
north in the upper Lidar valley, and again in Central liadakh, 
thence extending as far as the Karakoram and Lingzhithang 
plains. Another locality for the develojnnent <if the Trias, 
principally belonging to its tqiper division, is witnessed in the 
Pir Panjal, of which it is the youngest con.stituent na k-group, 
capping the Gondwana bods of the range over the whole st retch 
of the range from Toshmaidan to (iolahgath. A great ])art 
of the Triassic rocks on the north-east flanks, howev(‘r, are 
obscured under later formations such as the Karewas and 
moraine dfibris. 

Limestones arc the principal com]M)nents of this system. lithology. 
The rock is of a light blue or grey tint, extremely compact 
and homogeneous, and often doloinitic in comjxisition. They 
are thin-bedded in tlie lower part- of th<‘ .system, with frequent 
interstratifications of calcareous shales, but towards tin' top 
they become one monotonously uniform grou]> of thickly- 
bedded limestones. They conqaise a very ])icturesque feature 
of the landscape, easily noticeable from all parts of the valley 
by the light colouration of th<*ir ontcro])s and their graceful 
long and undulating folds, both of which characteristics , 
bring them out in strong reli(‘f against the dark-coloured, 
much contorted lavas and slates of the underlying Panjals. 

Numerous springs of fresh water issue from the cliffi) and 
prominences of these limestones at the south-east end of the 
valley, which form the sources of the Jhclura ; the best known 
•Dr. Diener, Ptd. Mica (New Seriee), vol. v. mem. 2, 1915. 
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of these are the river-like fountains of Achabal and Vemag 
and the multitudinous springs of Anantnag and Bhawan. 



The lower and middle sections of the system are rich in fossils, 
the abundance of the Cephalopoda and the peculiarities of 
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their vertical range in the strata being the means of a very 
detailed zonal classification of the system, all the zones of 
which arc related to the corresiionding ones of Spiti. Tlie 
upper division of the Trias is almost, if not quite, barren 
of- fossils. Middlemiss’s explorations in this region have 
brought to light the following succession of the Triassic strata 
in Kashmir: 

f 

Upper Trias. (Unfossilifcrmis ma.'isivo limcstimi-. 

(Many thousand ISpiri/rriiui Strach, i/i and .S. Haiif ri zones, 
feet thick.) 1 Lamellibrancii beds. 

I’tychitos hori/.oii: sandy shales with ealeareous 
layers. 

t Vr(i/(7e beds: .. .. •• •* 

Mtuchelkalk. Uliijmhonella Irinfidnui bills : .. 

(About 900 ft.) ' (liimmlesiuv\('rr(ilili '.. 

Liiwer nodular liine.stone and shales. 

Interbedded thin limestones, shales and sandy lime¬ 
stones. 

j //iiMi/writra shales (jiosition uncertain). 

Lower TnM. J J/eet-oeirn.-i limestones and shales. 

(Over .too ft.) \^Ophiciras limestones. 

At several points in the Villi tlistrict, a.s alreiuly stated in UwerTriaa. 
the last section, the Zewan series show.s a conlorinablc passage, 
upwarils into a series of lime-stone strata, which in their fossil 
ammonites are the exact tiarallcls of the Ophucnis and Meehi- 
cems zones of Spiti. These in turn pass upwards, after the 
intervention of a shalv zone (the //loit/.tnte zone), into the 
great succession of Middle Triassic limestones and shales. 

The best sections of the L-wer Trias are those laid bare at 
Pastanah and at Lam. two (ilaces on the eastern bonier of 
the Vihi district, though the sections are somewhat, obscured 
by iungle-growth. Fossils ; Ammonites, Xvmximm (.seven 
siiccies); Ojiikerns (0. Sakimlnhi and five other »F<'ies); 

Fkmingiles ] I'khmiites-, Hung'iriks : Medwrus ; .SiOirte ; 

andanewgenusof ammonite,/wi.s/moWte. Other cephalois.ds 

are Orthoceras and Grypoeerun the lamellibrancii, Pmuto- 

monotis, is a tvF form. - . 

Sections of the MidtUe Trias, or Miischelkalk, are visible at Middle Tri«. 

many points in Vihi, e.g. at Pastanah, Khrew and Khunmu. 

The limestones of this part, of the Trias are more frequently 
interbedded with shales, the latter being often arenaceous. 

2.4 


W.G I 



370 


GEOLOGY OF INDIA 


The 

Umohelkalk 

hail*. 


Upper Trias, 


Betatiun of 
the Kaehmir 
andSpiti 

S rovincea 
uring the 
Upper Trias. 


The Muschelkalk has yielded a very diveisified fauna of 
cephalopoda indicating the very high degree of specialisation 
reached by this class of animals, particularly the order of 
the ammonites. The specific relations of the types are in all 
respects alike to th(»e of the other parts of the Himalayas. 

The principal forms of the Muschelkalk famia of Kashmir are 
Ceraliies (sixteen species), HungarUes, Sibiritea, Iscidites, Pina- 
coceras, Ptychites, Gymniles (sp. Sankara, VasatUsena aSd other 
species), Buddhaites. The nautiloida are SyringmUiutilus, 
Grypoceroi, PararumtUits, Orthoeeras. The lamellibranch genera 
are Myophoria, Modiola, Anemia, Anodonlophora ; the brachio- 
pods are Spiriferina Siracheyi, Didesma and Rhynchonella ; the 
gasteropoda are represented by a species of Euemphaltis and 
the aberrant genus Conuhria. 

The Muschelkalk is succeeded, in all the above-noted localities, 
by an enormous development of the Upper Triassic strata, 
which are mostly unfossiliferous, but for a zone of lamelli¬ 
branch- and brachiopod-bearing beds included at its lower 
part. The ammonite fauna at first dwindles and then dis¬ 
appears altogether; the shales become rare and the whole 
fonnation ultimately becomes an unvarying succession of 
tliick massive unfossiliferous limestone. It is this limestone 
which builds the range of high hills and precipices so conspicu¬ 
ous by their colouring in the Vihi and the Islamabad districts. 

The Triassic limestone has furnished an excellent building 
material to the architects of ancient Kashmir in the building 
of their great temples and edifices, including the world-famous 
shrine of Martand. 

The fauna of the Upper Trias is quite poor in comparison 
to that of the Lower and Middle divisions.' Cephalopoda are 
almost absent. The few lamellibranchs comprise Myophoria, 
Gervillia, PseudmumUis, Lima, Pecten, Plearophom, Triga- 
nodus. The brachiopods are Spiriferim Haueri, Didesma, 
RkynchoneUa, etc. The absence of the well-marked Halobia and 
Daondla zones, and the numerous and highly diversified race of 
cephalopoda of the Spiti Upper Trias from this area, suggests 
some sudden and effective interruption m the fitee intercourse 
and migrations of species that had existed between the seas of 
the two areas for such long ages. This intercourse appears to 
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have been partly le-established during the Jurassic, though 
not on the former scale, for the fauna of the later ages that 
has been discovered in Kashmir up to now, is quite scanty | 
and impoverished in comparison with the Spiti fauna. 


JURASSIC 

In thg Spiti area, which in reality is the direct south-east The Juniiio 
extension of the Zanskar area of the Kashmir basin, it will be 
remembered the following sequence of Jurassic deposits is 
known : 


GiumsI sandstone. 


Cretaceous. 


j’Spiti shales, 
i Kioto limestone 


tTagling alagt, including the Sulcn- 
I cutus beds. 

1 Para stage, including the Mcgalodon 
I, limestone. 


Junusic. 


Uonotis shales. 


Triaasic. 


A sequence, roughly similar in many respects to this, is 
traceable in some outcrops in the Central and Southern parts 
of Ladakh, resting conformably upon the Upper Triassic lime¬ 
stone. These outcrops form part of a broa<l basin of marine 
Mesozoic rocks situated upon the inner flank of the Zanskar 
range, and are connected with the .Jurassic formation of Spiti 
by lying on the same strike. The lower parts of a number of 
these outcrops, which include about 500 feet of dolomitic 
limestone, recall the Megalodon limestone, both in their con¬ 
stitution and in their fossil contents. At another locality 
this group is succeeded by light-blue limestone, which from 
its contained fossils is referrable to the Tagling stage.* The 
Tagling stage passes conformably up at several localities into 
the Spiti shales, that eminently characteristic Jurassic horizon 
of Himalayan stratigraphy. It is readily recognised by its 


*The Mcumcy of this correlation, it muet be lealieed, 1 m never been 
nffictatly seoertained.. MiddtomiM; revieion of the K^mir eequeuM 
bM 10 fw proceeded only up to the Trie*. It i» only when thie work is 
ooanieted that s fuU sooount of the Jutseeic of Keshmir cu glvnnto 
soy detail such as we have given above of the Palaeoaoic formationa. The 
same ia to be aaid about the C'retaceoua. 
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tiuraasic of 
Banihal. 


Jurassic of 
Jaiumu. 


peculiar lithology, its black, thin-bedded, carbonaceous and 
micaceous shales containing a few fossil-bearing concretions. 
The following fossils have been hitherto obtained fitom the 
Jurassic of Ladakh. 

MegaMm, Avicula, Pecten, CerUhhm, Nerirm, Phasiandh, 
Plmr(^mmria\ some Ammmiiles, including Macrocephalus and 
numerous fragments of Behmniles ; with a few specif of Rhyn- 
dimeUa and Terebratuh. 

With the exception described below, the Jurassic system 
has not been recognised in the Kashmir province proper. It 



is probable that the more detailed survey of the province, 
which is being prosecuted at the present time, will bring to 
light further outcrops of this system from remoter districts. 

Within late years one such outcrop of the Jurassic 8)^tem 
was discovered at Banihal, on the Pir Panjal, and at Vernag 
by the Geological Survey. A series of limestone, shales and 
sandstones therein, resting on the topmost beds of the Upper 
Triassic, have yielded distinct Jurassic fossils. 

A large and massive outcrop of Jurassic (?) limestone occurs 
in a number of inliers in the outer or sub-Himalayan zone 
forming the Janunu hills. This is a very mmsual circumstance, 
which finds only one parallel in the Tal series of the Nepal 
Himalayas. Here fairly large masses of Jurassic limestone 
are laid bare by the removal of the ovcrlyhig Muriee series 
&om the anticlinal tops. The most notable of the inliers 
thus exposed forms a conspicuous hill-mass near Jummu 
(the Trikuta hill). It is of the shape of an irregular oval with 
a general W.N.W. to E.S.E. axis, faulted on its steep south¬ 
ward scarp against the Siwaliks of Jammu. The limestone 
is a bluish, extremely compact and cryptocrystalline siliceous 
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limestone, entirely barren of organic remains throughout its 
mass. It is interbedded at places with thin flaggy, cherty 
slates, and at the top there is a prominent band of siliceous 
breccia. The Jurassic age of this limestone is inferred on 
lithological grounds only, from its general resemblance to the 
massive Jurassic limestone of Ladakh, the “ great limestone,” 
as it is termed by some authors.' 

ORETAOEOUS 

If the account of the Juras.sic system of Kashmir is meagre, 
that of the Cretaceous rocks is still more so. It is only at 
a few localities that rocks belonging to this system have l)cen 
discovered ; all of these lie in a distant mifreqiiented part of 
south-east Kashmir, in the Rupshu province. The great 
development of the Cretaceous rocks of Spiti and its surround¬ 
ing places, the Giumal sandstone, the Chikkim limestone and 
the enormous fiysch-like series, have not been observed iu 
Ka.shmir, though from the fact of their occurrence in the 
western province of Hazara, it is probable that these series 
might have their parallels in Kashmir in a few attenuated 
outcrops at least. 

Two or three small patches of Cretaceous rocks occur in The Chikkim 
Rupshu which correspond to the Chikkim series in their 
geological relations. They are comiwsed of a white lime- Zaiukw. 
stone, as in the type area, forming some of the highest peaks 
of the range in Ladakh. No fossils, liowever, have been 
obtained from them hitherto. 

Drew has recorded the occurrence of Hippurite limestone, 
of Cretaceous age, in the Lokzhung range of mountains, on 
the farthest northern boundary of this State. Another 
indication of a Cretaceous formation in the La<lakh province 
is furnished by the discover)' of the Cretaceous fossil, 

Oryphea vericuJosa, at a place Sajna, on the road from 
Leh (the capital of Ladakh) to Yarkand, from a group of 
calcareous sandstones. Stoliezka has also recorded the 
occurrence of Hippurite shells in some parts of the same pro¬ 
vince. It is probable, therefore, that the detailed examination 
•Medlicott: Etc. QJI.I. vol. ii. pt. 2, 1878. 
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of the country at present in progress may disclose a well- 
formed Cretaceous series in these parts. 

TERTIARY 

The Tertiaries of Kashmir call for no special notice beyond 
the tew local peculiarities which they exhibit. Th* Tertiary 
band at Jhelum stretches eastwards through the Kashmit 
area, preserving all its geological characters and relations 
unchanged, to the Ravi, where it merges into the much better 
explored country of the Simla Himalayas, This tract of 
hilly country of low elevation, lying outside the Pir Panjal, 
and comprised between the Jhelum and Ravi, is designated 
the Jammu hills. The Tertiary outcrop is widest where it 
is crossed by the Jhelum, but is much constricted at its 
eastern boundary at the Ravi.* 

The remaining aeeount of the geology of Kashmir pertains 
to the Jammu province, whose geology is almost entirely 
composed of Tertiary rocks with the exception of a sniall 
area of crystalline rocks in the Kishtwar and of Jurassic 
limestone in the Riasi district. The few districts situated 
on the Pir Panjal belong geologically to the Kashmir 
province, 

A most noteworthy event, already briefly hinted at, in the 
Tertiary geology of Kashmir, was the occupation of a small 
area in Ladakh by the waters of the retreating Tethys. This 
sea has left a basin of Lower Tertiary deposits, in a long, 
narrow tract in the Upper Indus valley from Rupshu to Kargil. 
The existence of marine Tertiary sediments to the north of 
the Himalayan axis must be regarded as a very exceptional 
circmnstance indeed, for nowhere else (except once m Hundes), 
from Hazara to the furthest eastern extremity of the Hima¬ 
layas, are sedimentary rocks younger in age than Cretaceous 
seen beyond the high ranges. 

The Tertiaries of Lad«^ rest unconformably over gneissio 
and metamorphic rocks. The base is of coarse felspathic 
grits and con^omerates, followed by brown calcareous and 
green and purple shales. The shales are overlain by a 
> Btc. OJS.I. Tol. iz. pt. 2, 1876. 
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thick band of blue shelly limestone, containing ill-preserved 
Numrmdita. This nummuliferons limestone is succeeded by a 
coarse limestone-conglomerate. On either extremity of this 
sedimentary basin there is a large development of igneous 
rocks of an extremely basic composition. They include both 
contemporaneously erupted dark basalts with ash and tuff- 
beds, asjvell as dykes and sills of intrusive pcridotifes. 

The sedimentary part of this group has preserved a few 
fossils, besides the Nummuliles noticed above, but owing to 
the great deal of folding and fracturing which they have 
undergone the fossils are mostly deformed and crusluHl 
beyond recognition. The following genera are identified, 
with more or less certainty; Unio and Melania, in the 
lower part (which bear witness to estuarine conditions), 
and Nummuliles, Hamites, Hippurites, Vomts, etc., which 
yield very discrepant evidence as to the age of the enclosing 
group. 

The systems of strata constituting the Tertiary zone of the ThoTertisrIei 
Jammu hills are disposed in three or four parallel ImjUs con- 
forming to the strike of the hills ; the oldest of these abut on 
the Pir Panjal, while the newer ones occupy successively 
outer positions building the low ranges of the Siwalik foot¬ 
hills. Where the Chenab leaves the mountains at Akhnur, 
there b a deep inflection of the strike of the hill-ranges ; the 
same feature is repeated, on a m\ich larger scale, at Muzuffera- 
bad, at the emergence of the Jhclum. At this point the 
strike of the whole Himalayan sy.stem undergoes a more pro¬ 
nounced bending inwards. 

The accompanying table shows the relations of the Ter- 
tiaries of Jammu hills to the corresponding rooks of the Simla 
hills and other parts of India : 


(Jammo.) (Kimla.) Other parts. 

{N.W. Himalayas.) (C. Himalayas.) 

( Upper Siwalik or Upper Siwalik. The Siwalik of the Salt 
Outer Siwalika Range ; the Irrawaddy 

(T). Middle Siwalik. sptem of Burma and 

®***“’' I Lower Mid Mid Lower Siwalik Manchar of Sind. 

I Siwalik or Inner (or Nahan 
\ Siwalik. | aeries). 



376 


GEOLOGY OP INDIA 


(Jammu.) 

{N, H'. Himalayas.) 


(Simla.) I 
(C. Himabujas.y: 


Other parts. 


^Murieo series. 

I Kuldana beds. 


Sirmnt | 
■yitem.1 


Subathu series. ' 
(The Upper 
Indus Terti- 
aries.) 

Coal-measuresof 

Jammu.' 


Kasauli series. 
Dagshai 
series. 


Subathu 

Nummuli- 

tics. 


Pegu series of Burma; 
Mekran system of Ba¬ 
luchistan ; the Cudda- 
lore sandstones of east 
coast. 

B)uti beds, Perim island 
Tertiaries; Nari and 
Gaj of Sind Tertiaries. 

Kirthar series of Sind, 
Salt - Range, Cutch, 
Assam, Burma, etc. 
Nummulitics of Gujarat. 

Laki aeries of the above 
noted places. 


SUBATHU 


Subathu The. Eoceite (Subathu series) of tlie Jammu hills is quite 
a subordinate formation and bears a marked contrast to the 
massive nummulitic development on the other side of the 
Jhelum, in the Hazara, North-West Frontier Provinces, etc. 
The series is only expo.sed as inliers among the Murtee sand¬ 
stones. The most important of these occurs as a narrow border 
round the base of the Jurassic (?) inlier at Riasi to the north 
of Jammu. Another is seen at Muzufferabad where the Kishen- 
ganga joins the Jhelum, while a third is seen at Punch. Of 
these the first is the best knowi, on account of its association 
with a coal-measure. ‘ The following is a generalised section : 


Very thick. Murrec series grey sandstones and shales. Oligocene and 
- Miocene. 


Subathu 
series, 
300-600 ft. 


Nummulitic limestones. 

Olive and brown shales. 

Nummulitic limestone with shale partings. 
Ferruginous shales. 

Coal-seams, average thickness ft. 
Iron-stone shales, carbonaceous. 

Fisolitic iron-ore at the base. 


Eocene. 


Very thick. 


/Siliceous breccia underlain by massive , Jurassic (t). 
t limestone. ! 


These strata are folded into an anticline of the normal type. 
To the north they show a conformable passage into the grey 
» Mem. a.S.I. vol. xxxii. pt. 4,1904; See. 0.8.1. vol. radv. pt. 1, 1906. 
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Bandatones and shales of the Murree series, but the south limb 
of the anticline has disappeared entirely as the result of a 
great fault. This fault b one of the series of colossal longitu¬ 
dinal fractures which (as mentioned in Chapters 1. and XX.) 
traverse the Outer Himalayas from one end to the other. 

. The basement beds of the Subathus are highly impregnated 
with ijon. It b suggested that they were an old lateritic 
formation cappbig an ancient land-surftu-e. At Riasi the 
pisolitic haematite and the iron-stone shales arc very prominent 
and are workable as ores of iron. The overlying coal-seams 
belong, m their geological relations, to the liuki group of the 
Salt-Range and Assam. The seams are thin and inconstant, 
and the coal b very friable ; but the total quantity available 
b fairly large, and if the coal is briciuetled. is capable of 
supporting remunerative mining. The mpiimuliferoiLs lime¬ 
stone is thin, impure and of a dark colour. 

West of Jammu the constitution of the Subathu series 
changes materially; the coal-seams disapp«'ar entirely with 
the pbolitic iron-ores, and the nummulitic limestone steadily 
attains greater proportion. The sp(‘cies of NummulUea 
identified in the Subathu limestone are N. beaumonli and N. 
granulosa. 

MURREE SERIES 

Though no stratigraphic break is perceptible between the 
Subathu and the Murree series, the time-interval between the 
two epochs witnessed the first series of Himalayan upheavals. 

The Murree scries is a thick group of purple or grey-coloured 
sandstones, often very hard and compact, alternating with 
grey or purple shales. In the san^tones ate enclosed 
numerous kernels of red or chocolate clay closely simulating 
shell-moulds (pseudo-fossils). The whole group is quite barren, 
no orgMiic relic being detected in it with the exception of 
solitary leaves of Sabal major, the palm that b also the sole 
fossil organism that is entombed in the Dagshai and Kasauli 
groups. The fossiliferous Kuldana beds, containing mammalian 
bones, which underlie the Murrees at some places, have not 
been found in the Kashmir area. The aggregate thickness of 
the Murree series b mote than 8000 feet. A good section of 
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the series is visible along the Jhelum valley road to Kashmir 
from the Punjab. Structurally the Murree strata show a 
greater degree of folding and plication than the SiwaKks, in 
many cases amounting to inversions or overfolds. Local 
faulting is common everywhere, with exposed slicked-sided 
surfaces on road-cuttings. 

The inner limit of the Murree group is, as usual, % great 
fault where it abuts upon the older rocks of the Fanjal range, 
a structural feature which is repeated at its outer limit, the 
junction of the Murrees with the succeeding Siwalik group. 

SIWALIK 

Rocks of the Siwalik system are found in two broad parallel 
zones constituting the outermost ranges, for a width of some 
twenty-four miles. The Siwalik system of the Jammu hills 
does not differ in any essential respect from that developed 
in the rest of the Himalayas, from Afghanistan to Assam. 
Stmcturally, stratigraphically, as well as palaeontologically, 
they exhibit very similar characters, broadly speaking, to those 
found in the much better-surveyed areas to the east and 
west of it. No such systematic collection of fossils, however, 
has yet been made from these hills as has been the case with 
the same series of deposits in the Siwalik hills, Kangra, 
Salt-Range, etc., which have yielded relics of the highest 
value in natural history. 

Provisionally tbe Siwalik group of the Jammu hills is 
classified into two divisions—^the Inner and Outer Siwaliks, 
the former including the lower and middle divisions, while the 
latter comprehends the upper. The terms “inner” and 
“ outer ” when used in this connection mean respectively 
“ lying towards the mountains ” and “ lying away from the 
mountain axis.” 

Petrologically the Inner Siwaliks are composed, from the 
bottom upwards, of indurated brown sandstones, liberally 
intercalated with thick strata of red and purple clays, resem¬ 
bling the typical Nahans of the Simla mountains; these are 
succeeded by thick massive strata of coarse sand-rock, too 
incoherent to be called sandstone. The clays are very sparingly 
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^tiioped ia latter section. The colour of the sand-rock 
is pepper-and-salt grey. Its cementation is very unequal, 
much of the cement being concentrated in large, very hard, 
fantastically shaped concretions, at times enclosing 
teeth, skulls, bones, etc., leaving the main part of the rock a 
loose crumblmg mass of sand. Pebbles are found as the 
upper limit of the sand-rock is reached, and increase in number 
and size till the outer zone is reached when they assume 
enormous proportions. 

An appro-ximate sub-division of the Inner Siwaliks of 
Jammu is po.ssible on lithological grounds, the inner, harder 
sandstones and clays forming the Lower tiiwalik, and the 
upper sand-rock composing the Middle division of the system. 

In the absence of positive fossil evidence, however, the precise 
boundary of the two groups cannot be delimited, nor is a more 
minute cla.ssification than this possible. The inner bonndary Innw 
of the Siwaliks is, as stated before, a faulted one. The fault, 
however, gradually dies out, as it is traced westwards to the 
Jhelum, in an anticlinal flexure. The parallel breaks or 
faults, within the Siwalik zone of the Eastern Himalayas 
(Figs. 28 and 29), are not observed in the mountains west of 
the Sutlej. 

Fossil bones and teeth are found in the sandstone, especially 
in the calcareous concretions, kdongiiig to the family of 
ruminants, pachyderms, carnivores, etc., but they ace not 
plentiful nor have they been systematically determined. 

The Outer Siwalilm consist lithologically either of very Outer 
coarse conglomerates, the bodder-conglmneralf, or massive beds 
of brown and red clays. The former occur at the points of 
emergence of the large rivers - the Ravi, Tavi, Chenab and 
Jhelum and their principal tributaries -the latter occupy the 
intervening ground. The clays are quite indistinguishable 
from the alluvial clays of the Punjab plains. The weathering 
of the Siwalik rocks goes on at a very rapid rate and has given 
rise to broad longitudinal or strike-valleys amid gigantic 
escarpments and dip-slopes. The strike is most constant, 

N.W. to S.B., which is also the direction of the ranges. The 
only variation from this course is that already referred to. 
Although the Siwalik strata are highly inclined towards their 
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inner limit, they are never contorted os ie the case with the 
Murrces. 

Fossils are numerous at some localities in the outermost 
hills. These appear to have been a favourite haunt of a 
very diversified elephant population, as is evident from the 
profusion -of their skeletal remains. Incisors of Elephas, 
Stegodm ganesa (and other species) their molars, their, skull- 
plates, mandibles, maxilla, limb-bones, etc., are frequently 
met with around Jammu. Other fossils are referable to 
buffaloes (Bubalus) or oxen (Bos), hippopotami, rhinoceroses, 
pigs (Sus), horses (Eguus), deer (Cervus), etc. 


PLEISTOCENE AND RECENT 

Pleistocene, or post-Pliocene deposits, of the nature of 
fluviatile, lacustrine or glacial, have spread over many parts 
Karewas. of Kashmir and occupy a large superficial extent. The most 
interesting as well as conspicuous examples of these are the 
lacustrine deposits seen as low flat mounds bordering the 
slopes of the mountains above the modern alluvium of the 
Jhelum. These are known as Karewas in the Kashmiri lan¬ 
guage. The Karewa formation occupies nearly half the valley; 
they have a width of from eight to sixteen miles along the 
south-west side of the valley, extending for a length of some 
fifty miles from Shopyan to Baramulla. They have been held 
to be the surviving remnants of deposits of a lake which once 
filled the whole valley-basin from end to end. The draining 
of that lake, by the opening and subsequent deepening of 
the outlet at Baramulla, has laid them bare to denudation 
which has dissected the once continuous alluvium into isolated 
momids. The Karewas are mostly horizontally stratified 
deposits, consisting of beds of fine-grained sands and bluish 
sandy clay. The coarser debris is seen at the sides, the 
finer towards the centre. Only when they abut upon the 
Pir Panjai do they show dips of from 6° to 20" away from 
the mountains, indicating that tl^ey have shared in the later 
upheavals of the mountains (see Fig. 31, p. 343). Recently 
the Karewa deposits have been observed to show dips of 40° 
with sharp monoclinal folding; also they have been traced to 
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such great elevation as 11,000 feet, resting almost on the 
summit of the Pir Panjal. This fact establishes that the 
Panjal mountains have been considerably elevated since the 
material of the Karewas was laid down on their slopes on the 
shores of the old lake.' 

Pleistocene and later glacial deposits are of wide distribution. 
Two distinct sets of moraines are observable—one at high level, 
which is of mote recent accumulation by the c-xisting glaciers, 
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'Alluvial plains Up. Slwalik Mid. SlufoUh 

of tha Panjab Conglomerate Sand-rock 


Vio. 37.—Section acroHit th<‘ uiitcrmo-'t liilN of Mto Sub-lltmalttyan At Jutnimi. 
Note the suftHMslon tif dl|»-hlo|*(*a and eN'ariiment.f. 


and the other at coiisidetably low.'r situations, which is of 
Pleistocene age. This subject has been fully dealt with on 
page 313. 

Among later deposits than these are the river-terraces, 
recent river-alluvia, flood-plains ; the enormous “ fan-taluses V 
in the Nubra and the Changciietuno valleys of Jjwlakh ; cave- 
deposits tike those of Harwan ; travertine, etc. 

The great thicknejs.s of gravel and pebble-lwsls, resting 
unconfonnably over the underlying Siwalik coTiglomeraU-s, 
which fringe the outermost .Tamnm hills at .lammu and 
elsewhere, is also of Pleistocene age. 

^Takin}{ int<» conHidoration tlx* ononnotiK thicknoH» of ihu KarowM 
TeTeal<!d—at leaat IKHK> foot—-on tiu* I’aiijal n1o]k‘h, MiddUnriimctmHidcrH iho 
lake theory of thxir ori>.nn unleimldo. fur the up))cr jMmion of theae 

depoaita. He that the lower pari of the Karewan iiiUMt date back 

to Upper Siwalik time. 
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lold fielda of 299. 300. 
nomotaiia of, 68,69, 88. 
iitfaologyof,61,02, 103,301. 
maoganiferoui nature of, 83, 62, 
68,66,67,304. 
pliitottic intrusions of, 62,66. 
Dhauladbar ranim, 336, 348, 349. 
Dhosa oolite, 170. 

Bhnrandhnr Falla, 17. 

Diamonds, occunencc of, 74, 79, 
83,310. 

origin of, 74, 79. 
prMuction of, 310. 

Mum, 318. 

Dibrugarh, coalmeasurea of, 220. 
Diener, Dr. (!., 148. 

Digboi, oilfield of, 221,297. 

Dihing series, 226. 

Diorite, 229. 

Disang series, 221. 

Dissolution basins, 280. 

Dolerite, 129, 194. 

Dolomites, 141, 140, 188,367. 

“ Dome gneiss," 88. 

Drsinago system of Himalayas, 
19,20. 

of Peninsula, 16.18. 
Dtavidianearthmovements,107,368. 
eta, 101,107,388,389. 
group, 101. 

Dtev, nederic, 21, 338,341, 382. 
Dubrajpur sandstone, 129. 

Dunes, sand, 253,268. 

Dunlt^ 327. 

Duns, 273,337. 

Dust-storms, 266. 

Dwuiia be^ 207. 

Dykes in Archaean gneisses, 86. 
Deccan Tri^ 172, 199. 

E 

Eaitbenware, 122,286. 
Eirtk-morements, Draridian, 107, 
388. 


Eaith-moTSDenla, Eocene, 203. 
in0uddapabAgs,7l. 

In Dbaraar Agt, 60,64,88. 
in Tertiary, 203 

in Upper Carboniferous, 107, 387, 
358. 

in Vindhyan Age, 78,81. 
Earthiiuakes, 28 33 270. 

Earthquake zone of India, 28. 
Eastern coast, I3I, 

Uhats, 13, 28, 72. 

Economic geology, 282,283.334. 
metals and ores, 298-310. 
other minerals, 315.332. 
precious stones, 311-318. 

BoiU, 332-334. 

Emeralds, 313 
Emery, 333. 

Eocene system, 218-221. 
earth-movements in, 203. 
of Assam, 216,217,220, 221. 
of Burma, 216,217,221. 
of Gujarat, 204. 
of Hazara, 216,217,219. 
of Keshmir, 220,376-378. 
of Kathiawar, 204. 
ofKirthar,216,217,219. 
of Kolut, 218. 
of Laki, 216, 219, 220. 
ofBanikot, 218,216. 
of8ait.Kange,213,216,218. 
of Subathu, 210,220,222,376,377, 
ofTravancore, 204. 

Epsomite, 93. 

EKarpraents, Mid. Gondwana, 124, 
126. 

iSatpuras, 124,126. 

European geological divisions, 180- 
182. 

Everest, Mt., 8,9. 

Exotic blocks of Malla Johar, 178. 
Eitra-Peninsula, Cretaceous of, 178 
182. 

crystallino zone of, 49,80, 274. 
Dtiarwars of, 63. 

Gondwanas of, 118. 
physiographic differences from the 
Peninsula, 1,2,3, 137,270. 
Tertiary of, 210-214. 


F 

Facies, 38, 108,147, 174,205,223 
Faults, block-, of the Salt-Range, 
89, 169. 

Boundary in the Aravallis, 82. 
Hiun Boundary in the Himalayaa, 
7, 29,232, 233, 273. 
reversed, in the Outer Himalayas, 
89,233,273 
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Faults, trough, of the Gondwana 
basins. 111. 

Fauna, anthracolithic, 142,144. 
Australian, 140. 

Bagh, ISg. 

Cambrian, 03, 93. 

Ceylon, 243. 

Cretaceous, 17B, 179,180, 182. 
Deccan Trap. 198. 200. 

Devonian, of Bunna, 105. 
of Chitral, 1U2. 

Gondwana, of Kashmir, .393, 394. 
llaimanta, 9.5. 

.lurassic, 191-199, 170, 173, 399, 
372 

Kamthie 120. 

Kirthar. 218, 220. 

Kota. 131. 

Malori, 127. 

Mesozoic, 155, 185, 202. 

Miocene, of Burma, 227. 
Muschelkalk, 370. 

Nari and Oaj, 210, 223. 

Oligoeeno and l^owcr Miocene, 223, 
224, 225-227. 

Panchet, 125. 

ProductuR limestone, 141,142-144, 
147. 

Ranikot series, 215, 210. 

8.E. (Cretaceous, 184, 180, 187, 
188, UK). 

Silurian, of Burma, 1(U. 

of Kashmir. 353, 354. 

Siwalik, 234-230,238-240,240,380. 
Spiti shales, 05, 153-155,102, 10.5. 
Tertiary, 200. 207, 200, 230, 375. 
Triassic, 140, 153-155, 157, 150, 
300. 

Urnia. 133, 172. 

Eowan, 306. 

Felspar-rock, 200. 

Fencstella scried, 350, 357. 
shales, 144, 356. 

Formor, Dr. L. L., 53, 02, 00, 101, 
108(atflr), 200, 201^304. 
Fire-clay, 122, 216. 220, 286. 
Fissure-dyloBi, 172, 100. 

eruptions, 102, 194, lOS. 

Fiords of the Andaman Islands, 31. 
Flexible sandstone, 62. 

Floods of the Indian rivers, 34, 270. 

Indus, 206. 

Flora, Ceylon, 243. 

Damuds, 113, 110. 

Gondwana, 113, 325,363, 364. 
Jabalpur, 113,130. 

Jvirassic, 130,161. 

Karathi, 126. 

Kirthar series, 218. 

Kota, 131. 


Flora, Rajmahal, 1I3,129. 
Raniganj, 113. 

Talohir, 113, 117,118,120. 
Urnia, 133, 172. 

Vemavaram, 132. 

Fluor-spar, 328, ilO. 

Flysch, Cretaceous, 176. 

Oligooene, 222. 

Foote, R. B., 105. 

Forest, submerged, of Bombay, 30. 
of Pondicherry. 30. % 

of Tinnevelli coast, 30. 

Fuller’s earth, 209, 280. 

Fusulina limestone, 106, 148, 158. 
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Gabbro, intrusions of, 48, 174, 177, 
181.220. 

Gadolinite. 3*10. 

(laj series of Sinfl, 208, 210, 223. 
Galena, 75. .301, 300, ,307. 
OamjaiHoptfrU beds, 120, 121, 147, 
302. 303. 

Ganges delta. 20. 30,251, 200. 

river, 20, 277. 

Garnets. 57, 70,313, 340. 

Garo hills, 181. 182,220. 

Garwood, Pi-of., 21. 

Gaya, mica-mines of, 322.330. 

jiitchblende of, 320. 

(ihiin-sands, 312, 314. 
stones, 310-315. 

Geography of India, during Cretace¬ 
ous, 174, 175. 
early Tertiary, 203. 

Geological divisions of India, 1-3. 
formations of India, table of, 43- 
47. 

record, imperfections of, 37, 150. 
Geosyncline of Spiti, 04. 
Geosynclines, meaning of, 130. 
Uersoppa falls, 17 (»o(e), 270. 

Ghats, Eastern, 13, 25, 72. 

Western, 11, 12, 30. 

Gilgit, 10, 34, 330, 340. 

Giridih coal-field, 121, 294. 

Giumal sandstone, 163, 176, 179. 
Glacial Age, records of, 15, 22, 112, 
117, 130, 242, 246. 267, 343, 
360 

boulder-beds, 84, 112, 117, 139, 
140, 360. 
lakes. 281. 

Glaciers, 8, 13-16, 245. 
of Himalayas, 13-15,245,341-343. 
of Kashmir, !H5, 341, 344. 
Glass-sand, 287. 

Glauconite, 106, 197. 

Gneiss, 50-59. 
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Ooeiss, ArehaMfi, 60,5], 68,95, !0d, 
ISa 184, 290, 348-350. 

Arcot, 56,290. 
as A building-stone, 290. 

Balaghat, 56. 

Be)Ur\', 56. 

Bengal, 54,55. 

Bundclkhand, 49,52.54,5.'>. 
Camatk', .54. 

Central, .50,58,59.348-:{.50, 
^iuialavan. 49, 50. 58. M), 237. 

349. ■ 

Hastir. 56. 

Mngok, .50, 54. 103. 107. 

Salem, .55. 

Godavari basin. CK). 
river, IJKI, 200. 
valley, I2<b 128. 

Gohnna. \ak\\ 281. 

(lolcuk falls. 17. 

Golahgarh paw, liowor GoiiihvanaR 
of. m. 

Golapili stage. 131. 

(•oteonda diamonds, 74,83.3lo. 

Gold. 70. 2519. :I00. 

(lolden «H>lite. 167,170. 

Uundito, .53, <16. 
w'ries, tWl, 304. 

Oondwana svstem, 38. 109-134. 
290. 

climate during. Ill 
(■f«l-measures(d'. 18, IN. 118-121. 
28tl. 294.295. 

distribution of, 109-111, II3-II6, 
11 ). 

fauna of, 3<13, 364. 
Horaof,ll3.325,363,3«14. 
geoteetonic relations of, 111. 
homolaxis of life of. I I.H. 

Lower, 117-122, 362-3t;4. 

Middle, 123-128. 

ol Kashmir, 120,358,360,3<)2-364. 
origin of, 38. 111. 
sandatones of. 292, 293, 323, :133. 
lJp])er, 128-134, 168, 183,286. 
Gondwanaiand, 24, U)9, 1)0, 1)2, 
136.174,178,189,203,204.364. , 
Gorgeaytranflverac.oftheHimalayAH, > 
19,277.279. 

Grandite, 67. 

Granite, Hiniaiayao, 10. 

Jalor and Siwana, 80. 
Graiute8,52,80,177,289,200. 
Graphite, 62,315,326. 

Gmt limeatone, 161,323. 
Qreywackea, 351351 
OrimlxtOQes, 323. 

Gnjant, 206,256,28.5,293. 

Gwalior aeriea, 73, 74. 

Gypsum, 90,3^, 327. 


H 

Haeniatite-quartz-sehut, 76. 186, 
302. 

Haimanta avstent, 86,95,97. 
Ualobia lieda, 153. 

Hanging va)le>’s. 20,245, 
Hawahuenxhan vdeaiiu, 26. 

Havden. Dr. H. H., 10.95, 146. 1.53, 
* 363. 

Harara. 84,102,155,162,165.179, 
219. 

geological map of. Plate XIX. 
HarArilmgh. lead oivs of. 306. 
inica-depositH of. 62,322,330. 

I tin of. 19)7. 

IkhIh, 1.53, 

Heliotrope, H)7. 

Heulandite. 197. 

High-level laterite. 2.58, 259. 
Himaliivas. 7, .32. 39. 177. 211.219. 
22i 24.5.270. 

ant(S'«lenl drainage of, 18-20. 
Archaean of. 48-.50. .58. 

('tetaii'ous system of the North- 
cm. 175-177. 

crvHlalline zone of, 49, 50, 274, 
'336. 

Dlmrwars of, 68. 

diagrammatic M‘ction through, 0. 
K^s-ene of, lo, 219. 
fauna of, 243. 

glaciers of, 13-1.5, 245, 341-343. 

I<T Ago- in, 1.5.22.243-246,266. 
Index map to Central Hyatema, 
Plate XVU. 

meteorological inHucnce of,*1^ 
Oligoceneof, 224, 225, 
Permo-Carboniferous ayatema of, 
144-147. 

phyaica! features of, 7. 
riw* of. 203.204,270.272. 
scs'tion at Jammu of, 381. 
snow-line and glaciers of, 13-16, 
245. 

atratigraphieal zones of, 9,39. 
stniclural feaUm>M 274. 
NuhaeriAl erosion of, 

Tertiary of, 211,212,272. 
valleys of, 20.277-279,340. 
Hippurite limestone, 171 373. 
Holuich, 8irT. H., 6 (aotc). 

Holland. 8irT. H., 23,52.57,68,84, 
8.5. 86.101, 160, 184, M, 261, 
298,317. 

Hollanditc, 67. 

HomoUxia. 37.68, 69,85, 120, 344. 

. Hombiende-gneisa, 51, 178. 

I Horst. 3.6,136. 
j Hoaur gneiss, 56. 
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HripM wriet, 166. 

Humw epoch, 269. 

imt^ementB, 260 263, 269. 
Hunoei, 166. 

graveU, 204, 374. 

Hutti, gold-mines of, 300. 
Huxley, Prof. T. H., 37. 
Hyacinth, 313. 

Hyperite, 62. 


I 

Ice Age, records of, 16, 22.112,117, 
139, 242, 246, 267, 360. 

Igneous action in Bijawar series, 74. 
in Carboniferous of Kashmir 
(Panjal Trap). 367, 368, 
in Cretaceous, 177-179. 
in Damuda coal-measures, 119. 
in Deccan Trap, 192,194. 
in Dharwar Age, 71. 
in Maiani series, 80. 
in Oligocene and Miocene, 227, 
229. 

in Kajmahal aeries, 128. 
in the salt-marl, 92. 

Implements, stone, 263, 269. 
Inconsequent drainage of the Hima¬ 
layas, 18-20. 

Indian industries undeveloped, 291, 
298, 299, 305, 332. 

Indioolite, 314. 

Indo-African continent, 24, 109, 
174, 364. 

Indo-Qangetio alluvium, 114, 247- 
262 333. 

^na', 2, 247-249, 284, 320. 

Indus, basin of, 6. 
delta of the, 261. 
river, floods of, 34,266. 

Mrn at Gilpit, 19, 34,141, 340. 
Infra-Krol senes, 84. 

Infra-trappean b^, 197, 198. 
Infra-Trias of Hazara, 102,165. 
Iridium, 330. 

Iron, distribution of, 301-303. 
occurrence and production of, 70, 
76,122,201,261,301-303. 

Iron Age, 269. 

Ironstone, 220. 

shales, 118, 302. 

Irrawaddy oil-fields, 297. 

system, 213,226,229,231, 240. 
Islands, coral, 24, 30,184. 
vrflcsmic, 26, 331. 


J 

Jabalpur Falls, 263. 
flora, 113,130. 


Jab^nr, iton, 80 & 
marhle-rocks of, K, 281. 
stage, 130, 286. 
steatite, 326. 

Jahi stage, 139. 

Jade, 323. 

Jadeite, 178, 182, 323. 

Jaintia hills, 220. 

Jaipur, garnets of, 313. 

Jaisalmer clay, 287. 
limestone, 173. 
marble, 291. 

Jalor and Siwana granite, 80. 
Jammu, coal-measures of, 296, 376. 
hills, 39, 164, 220, 337, 372, 375, 
381. 

Jurassics of, 164, 372. 

Miocene of, 226. 

Tertiary of, 374, 375. 

Jaunsar series, 68. 

.Jasper, 72, 74, 197, 314. 
banded, 62, 72. 
ornamental stone, 197. 

.Iheluro, river, 296, 337, 367, 376 
Jberria coal-field, 121,294. 

Jhils, 22,280,296. 
iThiri shales, 79, 83. 

Jind, flexible sandstone of, 62. 
Jurassic system, 160-173. 
fauna of, 161-166, 170, 173, 386, 
372. 

marine transgressions in, 160,167, 
168, 169. 

of Baluchistan, 160,164. 
oi Burma, 166. 
of Cutch, 160,169-172,181. 
of Hazara, 162, 166. 
of Kashmir, 371-373. 
of Rajputa^ 160,168,172, 173. 
of Salt-Range, 160,166-167. 
of Spiti, 162, 371. 

Jumvites beds, 163. 


Kaimnr series, 79,82, 311. 

Kainite, 93, 317. 

Kalabagh,' alum manufacture 
216, 319. 
beds, 166, 216.. 
coal of, 166, 216.' r 
crystal of, 316. ^ 

sulphur of, 331. 

Kalaw series, 73, 76. 

Kalar, % 317. 

KaUarJk, 320. 

KamaMK. 227. 

KamtlVBbries, 126. 

Kangra,'Wthquake of, 28. 
slates, 293. 
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gift, m 

Ktolin,SuW,2ST,i«0,l!M. 
Xutkorun gluien, 14,341. 
(Huittgb) range, M, I6i, 338, 
330. 

Karewa8,263,264,280,3t3,380. 
Kaiez, 288,283. 

Kathtrbaii >tage, 117,384. 

Kanuli aeriea, 212,224. 

Kanhinir, 30,40, 101, 147, 133, 335. 
f 381. 

aqutniarinea in, 312. 

Archaean of, 348-330. 

Cambrian of, 332,353. 
Carboniferous of, 147, 351, 354, 
335-302,384. 
coal in, 377. 
copper in, 301. 

Cretaceous of, 178,373,374. 
Devonian of, 101,354,353. 

Eocene of, 220.376-378. 
geological record of, table of, 348, 
347. 

glaeien of, 243,341,344. 
(inndwanaa of, 120,358,380, 382. 
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Himalayas of, 336-339, 343, 348. 
homotaxis of, 344, 366. 

Ice Age in, 343. 

.luraasie in, 371-373. 

Kstewa8 0l,263, 264, 280, 343, 
380 

lakes. 280.281,340.341.344, ,m 
Murreo seriee of, 212,210,377,378. 
Palaeozoic of. 350-352. , 


peat in, 206. 

Permian of, 147.338,3e4.387. 
physical features of, 335-344. 
Pleistocene of, 280,380.381. 
riven of, 336,330,340,376. 
•appbins of, 312. 
durian of, 104,353,354. 

Siwaliks of, 264, 336, 337, 378- 


* 380. 

stratigraphy of, 344-348. 
Sabatna series of, 376,377. 


Twtiary of, 212,374-378. 
Triasaic of, 155,368-S71. 
Vdtey,277,266,337,339. 
vdcanic actiqp in, 357,358,363. 


Kathiawar, 166. 
CretaceodI erf, 168. 


Eocene of, 204. 

seoloffical features of, 31, 133, 
168,172, 189,207,2^, 26i 
Tertiary of, 207. i 

Kabnl series, 170,171fm 
KatU beds, 141. % 

Kayals, 24. ^ 

Kraper,U9.152.168. 


Khidar,251. 

KhiBdedtwftr hiU, 303. 

Khasi hills, 220. 

Khewra, salt-minei of, 60,216.317. 
Kbon(UIite,58,65,325. 

Khost coid-6eld, 295. 

Khussak, Cambrian section at, 63. 
Kinchinjunga. 8,0. 

Kioto limestone, 161,162,103,176. 
Kirana hill, 65. 

Kirthar series, 214,216-218. 
fossils of, 218. 
of CuU’h, 208. 
of Kathiawar, 207. 
of Salt-Range, 214. 
of Sind, 211. 

Kishengarh jewels, 312,3!3. 

Kisina scries, 73,76, 

Kodoritc, 63,314. 
seriw, iw, 304. 

Kohat. salt-deposits of, 62,218,220, 
316. 

Koh i-Sultan, volcino of, 27. 

Koiak shales, 222. 

Kolar gold-field, 63,296,310. 

Kota stage, 127, 130. 

Kothri Duo, 337. 

Krol serim, 84, 163. 

Kuldana Iteds, 219,226,377. 

Kuiing series, 146,146. 

Kumaon glaciers, 14. 
iron, 303. 

lakes, 21, 280, 281. 

mines, 309. 

transDorted bloc^ks of, 170. 
Knmool scries, 79. 


L 

Laccadive Islands, 25. 

Lacustrine deposit*: Karewas, 262 
263,264, 380. 
ofT^chir beds, 112. 
liidakh,339; borax of, 319. 
durawic of, 371,372. 
lake, 281. 

limeirtone of, 161, 177,873- 
Terliary deposiU of, 212,374. 
Luoons, 24, 265, 282. 
liUkca, borax from, 22,316. 
desiccation of, 22,344. 
glacial, 281. 

of Kashmir, 280, 281, 340, 34) 
344 380. 

of Kumaon, 21,280,281. 
ofTjbet.21.22. 
salV22,281. 
types of, 266,280,281. 

Lalu series, 176, 208, 211, 213,21^ 
216. 



S98 Cib(L 06 ir OJS^INMA 


Laid aeries, coal measures of, 216, 
296. 

I^m, Triassic section at, 360. 
Lameta series, 180-101, 197, 108. 

age of, 100, 200. 

LanglM'Initc, 03, 317. 

Laterite, 33. 201, 257.261, 203. 302. 

origin of, 33, 250, 200. 

I^ateritic deposits. 67. 

UTouoho,T. H. 1)., U, 103, 173. 
IjauiDontite, 107. 

I..ead. 70. 75, 306. 

JjCvel. recent alterations of, 32. 
Lignite, .30, 31. 

Lime. 80, 287, 288, 200. 

Limestone, 105, 287, 288, 21M1. 367. 
as building stone, 80, 185, 280, 
200, 370. 

crystalline, 53, 64, 311. 

origin of, 54. 

ruby. 54. 103,311,322. 

Lipak series, 00. 

Lithomarge, 67, 258. 

Lochamlxd 1)eds, 163. 

Loess, 262, 265, 266, 280. 

Lonar lake. 23. 27. 280.317. 
Low-level laterite, 258. 

Lower Mitnene system, 222-230. 
Lower and Upper Vindlivan. mean¬ 
ing of, 80, 81. 

Lydckker, Sir K., 344, 360. 

M 

MtU'lan.m. .1. M., 2ti0. 

Ma^^hon, (loneral, 348, 
jfiRs outcrop, 132. 

Magmatic dilTerentiation, 178. 
in Charnoekites, 57. 
in Deccan Traps, 105. 

Magnesian sandstone IhhIs, 00. 03. 
Magnesite, 327. 

Magnetites sand, 106, 201, 361. 
Mahadeva group, 124. 
series. 124. 

Main Boundary Fault, 7, 20, 232, 
233 273. 

Makum, coabtield, 220, 296, 297. 
Malabar coast, 12, 24, 206, 244. 259, 
264. 265. 

Malani series, 80.139. 

Moldive Islands, 25. 

Maleri series, 126, 127. 
stage, 127. 

Malla Johar, exotic blocks of, 178. 
Mallet, F. R., 26. 

Manchar series, 208,210. 
system, 231. 

Manganese, distribution of, 303,304. 
i^harwan,63,62.65,66,67,304. 
mode of occurrence of. 304. 


Mangane^ orea, d?, 70» 70, 261,298, 
299,304. 

Mangli beds, 126. 

Mansarovar lake, 21. 

Manteli, Dr., 235. 

Marble n}cks of Jabalpur, 66. 
Marbles as building stones. 70, 185, 
291, 292. 

at Motipura, 05, 201. 
occurrence in the Aravalli sc^rios 
of, 64. 291. . 

varieties of. 291, 292. ^ 

Marino transgression, Cenomanian, 
174, 183. 

deposits of, 131. 

Jurassic, 160, 167. 168, 169. 

Marsh gas, 27, 121, 298. 

Martaban system. 50. 

May<j Salt Mines, 90, 317. 
Mayurbhanj, iron-ores of, 302, 30.3. 
Mefbtenns z.one, 1.53, .366, 369. 
Megaloilon limestone. 153, 161, ,371. 
Mekran sy.stem, 213. 

Mekrana marble, 64. 291. 

Mergiii scries, 307, JK)8. 

Mesoxoic era, 135, 150, 152, 156, 
167, 185, 202. 
fauna of, 1.55. 185, 202. 
in BaIncbiKtan, 202. 
in Salt-Hange, 167. 

Metals. 298-310. 

Mica de()osit.s. 55. 321, 322. 
et'oiionucs of, 70, 321. 

}K'gtnatite, 62. 322. 

|)oridotite, 119. 

Middlemiss. S., 28, 101, 264, 274, 
344, 3,52, 3.59, 3»59. 

Mikir hills. 221. 

Miliolite, 207, 264. 265, 287. 
Millstones, 122, \U, 188, 323. 

Minbu oil-field, 227, 297. 

steatite, 326. 

Mineral paints, 329. 

waters, 75, 285. • 

Miocene system, 220, 221, 222-230, 
324. jSVe undfr Oligoccne. 
M‘MalH>h. C. A., 69. 

Mogok gneiss, 50, 54,103, 107. 

Ruby Mines district, 311, 322. 
Mohpani coaI-6eld, 120, 121, 295. 
Molybdenite, ^8, 330. 

Monazite, 324, 325, 330. 

Monotis shales, 153, 158. 

Monsoons, geolc^ical work of, 32, 
33. 282. 

Moonstone, 314. 

Moraines, old, terminal, 15,245,281, 
342. 

Morar stage, 75. . 

Mortar, 287. 





Hoantlin ranges of India, 643. 

Mud v(^canoefl, 27.28. 

Mulfani mattfie, 209.286. 

Murroe seriN, 212. 219, 225. 293, 
377,378. 

Musa Khel. Mesozoic section near. 
141.158. 

Muschelkaik. 152. 153. 157, 369. 
370. 

Muasoorie and Delira Dun. e|iieen- 
tnim. 28. 

MuHagh (Karakoraui range). 5(^ 
338. 

Huth series, 98.99.35.'>. 


N 

Nagpur, manganiw' of, (>2. iKM. 
Nahan serios, 238. 

Nallainaiai hills. 13.75. 
series, 73, 75. 

Namal ravine, Mcwizoir section at. 
158. 

Nsinshim beds, lOti. 

series, 104. 

Namyan IxhK 165. 

Napeng boils, ItMl. 159, Hm. 
Narbada, 18,2ii3.291. 

Narbada river, falls of, 66.263, 279. 

older alluviiiiti of, 2<>2.26.1 
Narbada valley Cretuceous, 174,17.5, 

^ 187. 

Ossure-dykes, 199. 

Nanjondani Island, volcano of, 26. 
Nari scries of Sind. 210, 222. 

Natural gas. 227, 298. 

Naungkang}’! hitls, 107. 

Ncllore, mica mines of, 5.5, 62, 321. 
330. 

Noobolus beds, W), 9,1 
Nepal, 7. 278,2IMI. 
NephclinO'Svrnite, 52, 330. 

Nickel. 64,310. 

Ficpbar Islands, 31. 

Niigiri gneiss, 54. 

hills, 258, 296. 

Nimar sandstone, 18H. 

Niniyur stage, 185. 

Niti limestone, 15.1 
Nitre, 13,318. 

Nodular limestone stage, 188. 
Novaculite, 363, m 
Nummulitea, 217.218,219,221374, 
Nummulilic limestone, 204,217,218, 
290 

ofA88am,l81.220. 288. 
of Burma, 213. 221. 
of Outch, 170. 

of Hazara, 156, 179,217,219. 
of Jammu, 375. 


Nummulitie limeato&a 
ofKirthar, 211,214,816. 
of Rajpntana, 208. 
of Halt-Rangc, 138,213,217. 
of8ind.21i: 

Nummulitie series, 216. 

Nyaungbaw beds, 107. 

0 

tk hre. 67. 329. 

Oil iields. of Assam. 220,221,297. 
of llurma. 221, 237, 297. 
mineral, 227. 

mineral nnxle of occumiK’o of, 
221. 227. 228, 297. 

Oldham. iM>.. 21,22.92,170. 
()lig<K'cne nml l>ow(‘r Miocene 
system, 222-230. 
fauna of. 223,224,225-227. 
igmHsiH a<‘tion in, 229. 
of AHsom. 225. 22tl. 
of HaliichiKlun, 222,229. 
of Burma. 222,226, 227.229.324. 
of Kathiawar. 168. 
of (hiter Himalavas, 224. 229. 
of Simi. 222-224.’ 

Olivine. 195, .‘161. 

Olivine-norites, 58. 

Ongole o»t< rop. 132. 

Oolite, golden, 167, 170, 171. 
OphloruM zone. 153. 

Ordovh-ian system, 103, 107, 352. 
t )n‘H, neghK't of. in India. 2IM, 299, 
:)05, 332. 

Orpinienl. 309,329. 

Ot'ilioclase. .50,51, 19.5,314,348. 
OrtlKK linal tyia^ of ifnmntain, 273. 
Ossiferous gravels, Narbada, 263. 
Stjtlej, 262. 

Olocf um um', 146, 153. 

Oyster banks. 31. 

P 

Pal> sandstone, 180. 

Pachaimaiai hills, 13. 

Paehmarhi M'ries, 124. 125. 
Puiaupkin iinuniMme, 104. 

: Paikara falls, 17 (note). 

I Paints, mineral. 305, 329. 

i Fakhal series, 7tl. 

I Pakokku oil field, 297. 

I Palaeozoic system, of Kashmir, 40, 
350-352. 

ofSpiti,94,07401. 

Paiagonite, 196. 

Palana cD^-6e!d, 309, 297. 

Pa^hat opening In the W. Ghate, 12. 
Pamir plateau. 7. 

Panch Mahal, manganeae In, 304. 
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Panchet xiiM, 112, 126. 

Panskong lake, 21, 281, 341. 

Panjal, agglomerate alatee, 389-362. 
range, 13, 39, 264,336-338. 

Traps, 366, 338, 360-362. 

Panna diamonds, 83, 310. 

shales, 79, 83. 

Papaghani series, 73, 74. 

Par stage, 76. 

Para stage, 162, 163. 

Parahio river, scotion along, 99. 

Parh limestone, 180. 

Passage beds, 219. 

Patcham series. 170. 

Path Dun, 337. 

Pavaloor sandstone, 132. 

Pawagarh hills, 196, 

Peaks of the Himalayas, 9, 13,5. 

Peat, 30, 264, 296. 

Pegmatite, carrier of rare minerals, 
62, 312, 313, 322, 330. 
mica, 62, 322. 

veins in Bundelkhand gneiss, 66. 
Pegu system, 27, 213, 226, 227, 269, 
297. 

Pencil vall^ coal-field, 296. 
Peneplain, 276. 

Penganga beds, 75. 

Peninsula, Oretacoous of, 176, 183- 
191. 

distinction from extra-PoninsuIn, 
1-3, 137, 279. 

hydrographic peculiarity of, 3. 
origin of, 110,204. 
physical features of, 1,30,41,107, 
108, 160. 

Peridotite, 177. 309, 327. 

Perim island, 207. 

Permian glacial period, 112,117,139. 
Permian system, 133, 137-144. 

of Kashmir, 147, 338, 384-367. 
Permo-Carboniferous system, 137- 
148. 

of Burma, 147, 148. 
of Kashmir, 147, 338, 364-367. 
of Salt-Bange, 137-144. 
of Spiti, 144-147. 

Petroleum, distribution of, 227,297. 
mode of occurrence of, 220, 221, 

228, 297. 
nature of, 227. 

theories of origin of, 27, 28, 227- 

229. 

Petrological province, Chamockite, 
57. 

Phosphates, 201, 329, 332. 
Pho^hatic rocks, 264, 328, 329. 
Physiography, principles of, illus¬ 
trated in India, 271, 272. 

Pilgrim, Dr. Q. E., 211, 238, 239. 


Pir ^Jaf, 13,89,264,388-31& 
map of, Plm XV, 
physical features of, 13, 185, 263, 
281, 337, 338, 349, 367. 
section across, 343. - 
Pitchblende, 62, 329. 

Pitchstones, 196. 

Plains and plateaus, 4-6,89,247-266, 
266, 272, 276, 339. 
limestone, 106, 147. 

Platinum, 330. 

Pleistocene system, 242-270. 
and later deposits, 262,270. 
European, 242. 

Glacial Age during, 16, 22, 112, 
117,139, 242, 246, 287, 360. 
in Himalayas, 243-246, 267. 
lakes of, 280. 
laterite of, 267-261. 
of Kashmir, 280, 380, 381. 
Plutonic intrusions, 67, 62, 66, 174, 
179, 181, 199, 229. 

Po series, 86,100. . 

Pokaran beds, 140. 

Porbander stone, 207, 284, 266, 287. 
Porcelain, 122, 286. 

Potash salts. Ml, 317. 

Potassium, 93, 318. 

Pottery clays, 286. 

Potwar (Puthwar) boulders, 266. 
plains, 89. 

PrMuctus fauna, 142-144. 
limestone, 138,140-142, 364. 
series, 86. 

shales, 146-147,163, 364. 

■Prome series, 227. 

Ihiga valley, borax of, 319. 

sulphur of, 331. 

Pulicat lake, 281. 

Pumice, 195, 196. 

Puppa, volcano of, 26. 

Purana group, 76, 86,100, 163,169. 

Himalayan, 10, 69, 163, 302. 
Purple sandstone stage, 90, 93. • 
Pyntes, 216, 319, 330. 

Q 

Quartz-hsematite-schist, 64. 
reefs, auriferous, 299. 
veins in Bundelkhand, 66. 
Quartzite, Muth, 98,99, 384. 
Quartzites, 72, 76, 181, 293. 

Quetta, 158,164,285,309. 


B 

Baipur district, iron-ore deposits of, 
302. 

Baised beaches, 30, 282,344. 



lUjihamdzi, bedi, 900. 

outcrop, 131 

lUjiBtfaM hiljB, 128,23$, 286. 
cUy deposits of, 286. 
flora of, 113,129. 
outcrop of, 131. 
series, 128. 

Traps, 126, 258. 

Bajpipla, agates of, 314. 

tra^dykes of, 169. 

Rajputana, 5,40, 172,208,276. 
%ura of, 319. 

Aravalli marble of, <14,26). 
boulder-beds of, 112,) 17,140. 
copper of, 300,310. 
desert of, 33, ^8,253-255,333. 
Dbarwars of, 63,64,261. 
gems of, 312,313. 
lacial period of. 112.117. 
urassicH of. 160, 168,172. 
Lower Vindhyoii ixK’ks of, 80. 
mica of, 321,322. 
salt lakes of, 22,23,3)6,317. 
Tertiary of, 208.209. 


Rookialt.90.tll,31t 
^btas timertoDa, 30,188. 
Rubellita, 314,349. 

RubiM,70, 103,8n,S22. 
Rupshu, Cretaceous rocks of, 373. 
Rutile, 330. 


S^ysMlri mountains, 12, 30. 

' Salem gneiss, 55. 

; Saligrams, 163. 

I Salisbury, R. U* 150. 
i Salmw (mud-voleanoee), 27. 

I Salt. Kolwt, 92. 218,229,317. 

lakes, 22, 316. 

; marl, lKI-93. 

' potash, 93,3)7. 

1 K(Kla, 2IH, 318. 

wmrcf*s of, 316, 
j wells. 316. 

; wind liome, 23, 317. 

: Saltpetre, 318. 

Salt pseud(MHorph shales, 90, 94, 


137. 


mate 


RakasTaUl. . 

Ranm island, nmd-voleanoes of, 27. , Salt-Range, Index map to, 
Ranlgani coal-tield, 118, 121, 129, ' Will. . 

^ Salt-Rango a dislocation mounfam, 


flora, 113. 
stage, 118. 

Ranikot series, 211,215. 

Rann of f 'uteh, 5, 23, 31, 205, 255, 
270,317. 

Rare minerals, 330. 

Ratanpur, agates of, 314. 

Ravi river, 225, 337. 

Reidgar, 309. 

^ent deposits, 262-270, 380, 381. 
Recession of the watewhed. 19. 
Rtgur, 33,201,262.268.333. 

Reh, 33,252,320,334. 

Rejuvenation of the Himalayan 
rivers, 248. 

•valleys, 278. 

“ ” mountains, 3,272, 273. 

Rewah series, 79,311. 

R^olitca, MaUni, 80, 139. 

Fawagarh, 195. 
Ria«,coal-meMureof,295. 

Jurassic inliet of, 220. 
Bift-vidley, 5,248. 

Rifts, 277. 

Rippie-marits, 78,93. 

River action in India, 17,19,20,34. 
capture, 
erosioo, 34,36. 

Rotiiss nwnioniUu, 140,343. 
^k-biiiiu, 21, ^1, Ui- 
.crystal, 70, 167, 315. 

•meal, 343. 


275. 

f’ambrian of, 88-94,137. 
Carboniferous and Pennian of, 
137 144. 

coal of. 294,296.331. 

I’retaeemiH of, 181. 
deposits of, 31, 327. 

Eocene of, 213,2)6,218. 

Jurassic of, 160, 165-167. 
lakes of, 280. 
loess of, 262.265.266,280. 
Mesoxoie of, 167. 

inountainH of, 39,88,90,137, 181, 
213,275. 

physical and geological features 
of, 88,167,276. 
sections of, 80,91. 

Siwaliks of, 238. 
aprii^B of, 285. 

Tertiary of, 213,214,229. 

Triassic of, 149, 156-158. 
Samarskite, 329. 

Sambhar lake, 22, 316. 

Sands, 287. 

gem, 312,314. 

Saod-dunes, 253,265. 

: Sandstones as building stones, 132 
133 232. 

Oondwuui 292,293,323,333. 
Songir, 183,29^ 

i Vindhyu,78,79,82,83,263,292 
i 310, 323. 
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Saag-e-Yeghnif 324. 

Sangia Ull, 65, 80. 

Sapphires, 103, 311, 349. 

Satpiira hills, (jondwanas of, 120, 
128, 130, 29r). 

physical features of, II, 270. 
Sattavadu l)edH, 132. 

8<'hwagcrina limestone, I4S. 

Scole<rito, 197. 

Sfhln, 310. 

}Ser|>ontine, 02, 177, 182. 292, 324. 
Shan States, N,, map of, Plate XX. 
('atnbrian of, 300. 
geological formation of, 1(12-107. 
•lurassic of. lOo. 

Palttoo7.oi(? section of, 103, 147. 
Silurian of, 104, 353. 

Trias.Hi(! of, 159. 

Shillong serie.H, 05. 

fpjart/.ites, 181. 

Sihsiigar, 220. 

Sikkim. 7, 278. 342. 
copper-ores of, 301. 
hanging valleys (d, 20, 245. 
Sillimanite. 51, 53, 55, 58. 

Silurian system, of llurmn, 103. 
of Kashmir, 101, 353. 
of Shan States, 104, 10(5, 35.3. 

«»f Spiti, 97, 98. 

Silver, 307. 

Simla Himalaya.^, 3Vrtiaries of, 211. 
system, 08, 84. 

Sind, 31,40, 179,210.215, 222. 
Cit'laeeous of. 179-181. 

(Migocene of, 222-224. 

Hanikot system of, 211,215. 
river, 20. 

Siwaliks of, 231, 240. 

IVrtiary of, 210, 211. 

Singar mica-mines, 329. 

Singareni eoal-field, 120, 121, 295. 
Singhbhum, asbestos of, 328. 
eopjwr-(»res of, 3(KK 
manganese of, 07. 

Singii oil-field, 227, 297. 

Sirban, Mount, geology of, 155, 150. 
Simmr system. KH, 204, 212, 232, 
2,34,‘274, 370. 

Sitaparite, 67. 

Sivatnalai series, .52. 

Sivapaihex:us, 239. 

Siva.Hamudram falls, 17 (no/^). 

Siwalik system, 230-240, 378-380. 
composition of, 236-238, 293. 
fauna of, 234-236, 238-240, 246. 
homota.\i8 of, 240. 

Main Boundary Fault of, 20, 232, 
233. 

of Burma, 231. 240. 

of Kashmir, 264,378-380. ' 


INDIA 

Siwalik system 
of Salt-Range, 238. 
of Sind, 231,240. 
structure of, 231-233. •< 

Siwana granite, 80. 

Slate, hiiilding material, 02, 75, 203. 

quarries of, 293. 
iSmeeth. Dr. F., 69. 

Smithsonite, 310. 

Snow line of the Himalayas, 13 
Sodium ehloriile, 23. 

Soil-creep, 35, 152. 

Soils of India, 332-334. 

Solfataras, 75, 363. 

Songir sandstone, 188, 293. 

Spandite, garnet, 67. 

SjKs kled sandstone series, 121, 140. 
Spinel, 70, 103, 312. 

S))iti, 144. 
basin, 40. 

(^amhrian of, 94-9(1. 

('arboniferous of, 145-147. 
(’retaceous of, 175-177. 

Devonian of, 98, 99. UM. 
geological province, 94. 
geosyjK'line, 94. 
gypsum of, 319. 

.lurassic of, 162, 371. 

Palaeozoic (d, 94, 97-101. 
shales, 95, 145, 153, 162. 163, 371. 
Silurian of, 97. 98. 

'I’riassic of, 149, I52-I5.5, 

Springs, 284, 3(57. 

mineral, 75, 285, 

Sri|>ermatur bed.s, 132. 

Stalagmite, 2(52, 267. 

Steatite, 326. 

Stibnite, 309. 

StilbiU*, 197. 

Stoliezka. F., 348, 373. 

Stone Age in India, 263, 269. 

im^)iements, 260, 263.269. 
Stratigraphy of India. 2, 36-42. 
Siibathii series, 212, 219, 372, 376.* 
Siib-Hiiualavan zone, 10. 
Submerged forests, 30. 

Suess, Eduard, 4. 248. 

SuktKatus be<i8, 161, 1(53, 371, 
Sullavai sandstones, 79. 

Sulphur. 295, 331. 

Sulphuric acid, 92,299, 319, 331. 
Surat, Tertiary deposits of, 206. 
Sutlej, ossiferous alluvium of, 262. 
Syenite, augite-, 229. 

nephcline-, 52, 330. 

Sylvite, 93, 317. 

Synclinorium, 248. 

SyrihQi^hyris limestone, 101, 355. 
Systems of Southern India, Index 
‘ map to, Plate XXI. 
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T 

Tachylitf, 195. 

Tagiing ntl^e, 102, 103,371. 

Tal sc^rien, 103, 372. 

Talchir l«ml(li‘r-l)e<l, 112. 117. 120. 
300. 

tlo'ra. 113.118.120. 
fottaiK 117. 

sories, 80, 117, 120, 304. 

|tagt'. 112,117. 

Tanr, 202, 

Tantallto, 330. 

Tapti rivor. 17, IH. 202. 2(»3. 

old alluvial nunairis fioin, 203. 
Tavi>y. tin ol. 3(i7. 

w(>ifrajn <»f. 308. 

Tt*Ptonjc Inluv*, 280. 
nicuntaiiw. 3. 272. 273. 
valleys. 270. 277. 

Torai, 252. 

Tori, 202.205. 

Tcrra-volta. 122,280. 

Tcrtiarv systems. 202-214. 374 
370. 

distribution and fiu ies of. 201 

200 . 

eartli-niovemonts in. 2»K{. 220, 

fauna of. 200. 2o7.2«iO. 23o. 37.). 
of Burma. 213. 25*7. 
of Cororuandvl coast. 2O0. 
of ('utcli, 2(l7. 2tlH. 
of Kxtra-lVninsula. 20.7.210-214. 
of (luiarat. 2tHI. 

of Himalayas, 2t)3, 204. 2H, 212. 
270. 272. 

of Kashmir. 212. 374.3di. 
of Kathiawar, 207. 
of Kaiiudann, 208.2 hT. 
of Salt-Bangc, 213, 214, 220. 
of Sind. 210,211. 
of Travanrorc. 200.200. 
risf of Himalayas in. 2ti3. 2ol, 
• 270. 272. 

Tetiivs. the. 107,110.1.3.7.103,1'H. 

177, ISO. 203. 3.78. 371. 

Thar, the, 172. 253. 

Tliomsoiiite, 107. 

ThorianiU*. 3!10. 

Thnist-plane. 7.232.273.271, 
Tilmtan lakes, 21. 22. 

zone of the Himalaya®. 0.14H, 178. 

Tiles. 287. 

Tin, :i07. 

Tinnevelli submerged forest. M 
coast, 205. 

Tipatn series. 220. 

Tista river. 

Titanium, 257,330. 

ToiinnalioeH, 51, 70, 178.3fl8, 313. 


Transition avsteoia, 85, 

Traps, aa btnMing atone, 203. 
Hijaw&r, 74. 

Deeean. 7<;. 172, 175, 102-201. 

203, 302. 314, m. 

I^nnjnl. 355. 3.77-3ti2. 

KajuiHiial. 120. 258. 

Trav»U('«m'. 24. 200. 

K<H-ene of, 2tM. 
graphite »'f. 324. 325. 
moiiHrite of, 325. 330. 

Tertiary Is'tls of. 2tMi. *00. 
Truvertine. 288. 280. 381, 

Triassie Kvsiem. !40-l5'.l. 307-371. 
fauna of. 140, 153.15.7, 157, 150, 
300. 

ol Hidii'liislaii. 140, 1.78. 
of Burma. 140. 150. 
of HH/iira. 1.75. 1.70, 
of liimulnyas. I4!t. 
of Kashmir. 1.75. .3ti2. 307 371. 
of Salt Bunge, 140. 150-158, 
of Spiti. 140, 152 15.7, 
'rrit'liinopolv miirhle. IK5. 200. 

stage. iHli. 184 . 185 . 320 . 

Tripetty sandstone, 131. 
frtiiiiliK Issis. 1.73. 

TsJimoriri lake. 21 . 281 , 341 . 344 . 
TuJigsten. 7 tt, 308 . 


i: 

riiiaria eon! lield. !2tt. 204. 
I’miaWds. 132.181,203. 

s»Ties. 132 131. 170. 171. 
rm-onfoniiity. I‘iiraiia. Sti. 
rp|H‘i'( lulMaiileisiiis, lIHt, 135, 
rp|s’r l*»lfleo/,oi»'. 135. 

I'nderelav. 280. 

l’p|«'i' ('nrhonifei'oUH syslem. Sit' 
M««frrfarhoiii{(‘rimH, 

rmniiun, 320. 

I'tatur stage, 181. 


V 

\'aikritft series. 08,05. 

Valleys, drowiusl. 270. 
erosion. 277. 
hanging. 20, 245. 
t«-iouh-. 27tl, 277. 
transvertH*. of the Himalavas, 278, 

:mo. 

VulJuiH diantondn. 315. 

\’emavaraiu U*ds, 132. 

Virdf anUtjUf, 292. 

Vihi distriet. .'102, 364. 

Vihi district, Plan of, Mate XIV. 
Vindhya hills, II, 77, 70,276. 





ViiKlfa]raD 7T'86. 

oampotitlon of, 77,78. 
dismondi in, 79, 83, 310. 
euth-moTementti in, 80, 81, 86. 
homotsxis of, 85. 
limeatonea of, 78, 80, 83, 306. 
lower, 79-81, 288. 
of Extra-Penineula, 83, 84. 
sandstones of, 78, 79, 81, 82, 263, 
292, 310, 323, 

Upper, 81-83. 

Virgal beds, 139. 

Vizagapatam, Kodurite series of, 66, < 
314. 

stibnite of, 309. 

Voloanie basins, 280. 
islands, 25, 26. 

phenomena, 23, 175, 177-179, 191, 
192, 357, 358. 

Voleanoes, 25-28. 

Vredenburg, E. W., 27, 85, 123, 164, 
165 (note), 211. i 

Vredenburgite, 67, 213. 


W 

Wad, 67. 

Warkalli beds, 209. 

Water, as an economic product, 284, 
285. 

Waterfalls, 17, 66, 279. 

Watershed of the Himalaj’as, 19. 
of the Peninsula, 17. 
recession of, 20. 


Weathering. 1% SB, W, SOI, HO; 87^ 
Wells, 254,284. 

Western Ghats, 11,12,30. 

Wetwin slates, 105, 106. 

Winchite, 67. 

Wind-blown sand, 5, 23, 208, 252- 
254, 265. 

Wolfram, 308, 330. 

Woodward, Dr. Smith, 190, 200. . 
Wootz, 302. 

Wular latte, 21, 341. 

Wynne, A. B., 256 (note). 


Y 

Yamdok Cho, 21. 

Yellaconda hills, 72. 

Yenangyat oil-field, 227, 297. 
Ycnangyaung oil-fiel^ 26, 227, 297. 
Yenna falls, 17 (note). 


Z 

Zanskar range, 204, 212, 312, 322, 
336, 338, 341, 349. 
river copper, 301. 
sapphires in, 312. 

Zebingyi series, 104. 

beds, 106. 

Zeolites, 197. 

Zewan scries, 147, 364. 

Zhob, chromite at, 309. 

Zinc, 307. 

Zircon, 70, 313, 329, 3:«). 
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